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INTRODUCTION 
Many plants require exposure to low temperature for a 
certain period during each year. This was determined more 
than a century ago. Understanding this phenomenon, known 
as the rest period, is part of a larger problem of under-
standing the factors which determine the ability of an 
organism to grow. The property of rest is ultimately a 
property of the actively growing cells, rather than that 
of the cells involved with protection and support. 
The widespread effect of exposure to low temperature 
becomes intelligible, for it releases the inherent poten-
tiality for growth in such widely different structures as 
the buds of woody trees and some corms and bulbs. 
Basically, therefore, the problem of the rest period 
becomes the problem of the way in which cells of growing 
regions are controlled and regulated. As the organism 
grows and develops, most of the living mature cells of the 
plant body lose their capacity for growth. Meristematic 
cells are conspicuous in this regard because they retain, 
except for the phenomenon of rest for which we refer, their 
ability to grow. In other words, the kind of block or 
limitation which may prevent the cells of a bud from grow-
ing during the rest period may suggest clues to the 
factors which in normal development prevent cells from 
I 
i 
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continuing to divide, e v e n though the y have access to the 
ne c e ssary nutrients. 
Pe ach and apricot, like most deciduous trees , have a 
rest period, hence, understanding more about rest is quite 
important for fruit growers. Failure of many varieties of 
deciduous trees to grow in tropical or subtropical regions, 
or in areas where frost damage may occur in the spring 
afte r the termination of rest, both result in negligible 
fruit production. 
If more were known about rest physiology and bio-
chemistry, it may be possible to shorten the rest period 
in warm areas where the chilling requirements are inade-
quate and lengthen the rest in cold areas in order to avoid 
the early spring frosts. 
Moreover, storage practices of some vegetables and 
flowers that have this phenomenon may be modified in order 
to pre vent sprouting, or force growth as needed. 
The present work was undertaken to study more about 
rest physiology and biochemistry in peach and apricot trees . 
The studies included cold, light, gibberellic acid 
(GA), cold+ GA, GA +light, cycle, red ligh t, far-red 
light, and control treatments for young peach and apricot 
trees. 
Biochemical determinations of naringenin, sugars, 
organic acids, and amino acids have been made for Elberta 
peach and Chinese apricot flower buds at two week intervals 
throughout the season. 
REVIEW OF LITERATURE 
Ce ssation of growth, even though environmental condi-
tions are favorable, is a phenomenon known as rest. It is 
of wide occurrence in many deciduous trees and should be 
distinguished from dormancy which is a suspension of growth 
due to unfavorable external factors (Samish, 1954). 
It is common to find that the stimuli which induces the 
formation of a structure which can remain inactive through 
a period of adverse conditions also induces the condition 
of "rest" in which the organism or structure becomes 
unable to respond even to favorable conditions until the 
potentiality for growth has been induced or released by 
some treatment. 
Horticulturists prefer to distinguish between "rest" 
and "dormancy, " although botanists use only the term dor-
mancy which is all inclusive. An example of this distinc-
tion can be found in the case of potato tubers, which may 
be kept dormant at temperatures unfavorable for bud growth 
long after the true rest period is ended. Similarly, in 
most trees, the rest period is ended by mid-winter, but 
they are held dormant by low temperature until spring. 
Rest in woody plants was first thought, about 1910, 
to be caused by cold temperature. However, Coville (1920) 
reported that deciduous trees enter rest regardless of 
4 
temperature, with a certain period of effective chilling 
being required in order to break the rest. The rest 
period is not characteristic of only deciduous trees, or 
woody plants, but it is rather widely distributed among 
various levels in the plant kingdom. Resting structures 
may be found among Algae and Fungi which develop resistant 
spores as in the case of Rhizopus, Oedegonium, and 
Meurospora. 
Emphasis, however, in this thesis is to examine the 
problems of the rest period in flowering plants and 
especially in deciduous trees. 
During rest, complete cessation of growth is unlikely. 
Resting structures, whether seeds or buds, are capable of 
undergoing profound physiological, chemical, and morpho-
logical changes. Investigations on different aspects of 
rest have been performed for more than a century. Studies 
concerning the chilling requirements, optimum effective 
temperatures in breaking rest, environmental factors 
affecting rest, effects of chemical treatments on rest, 
chemical changes during rest, and correlations among these 
factors with initiation and termination of rest have been 
reported. 
Historical Background of the Rest Period 
Recognition of the requirement of plants for exposure 
to low temperature was made as early as 1801 by Knight. By 
5 
1877 Sachs recognized that resting periods are common 
throughout the plant kingdom and cited examples of struc-
tures requiring a rest period such as : onion, potato, 
winter buds of horse chestnut, fruit trees . etc. 
However, recognition of the true rest period was appar-
ently not too widely accepted at that time, since Sachs 
(1877, p. 361) stated : 
It is by no means to be denied that in many of these 
cases, especially in those of the winter buds of 
trees, some bulbs (Hyacinthus, Coroeus), etc., a 
considerable time is necessary in order that the 
embryonic rudiments of the leaf-shoots and flowers 
within their envelopes may be first so far prepared 
by slow growth that they are suited for rapid 
development subsequently. The decisive point cer-
tainly does not lie in this, however, as may be seen 
by the behavior of the water-nut which at the end of 
August, or in September when they are ripe, one of 
these is placed in a glass full of water, no germina-
tion occurs either during the autumn or winter, even 
in a chamber where the water is constantly at l5-20°C, 
but in March or April germination begins although 
the water is at a temperature of only 8-l0°C. 
By 1897 the recognition of rest periods had become 
well established, and Pfeffer (1897, p. 209) had also 
recognized that: 
Metabolism and respiration, though they never entirely 
cease, appear to be considerably depressed during the 
resting period, even when the plant is under favorable 
conditions. 
He also stated : 
The first question is to determine whether the auto-
genic resting period is a fixed hereditary property, 
or whether it is merely an induced characteristic 
which can be shortened or removed under constant 
external conditions. (Pfeffer, 1897, p. 212) 
He concluded: 
There can, however, be no doubt that it is due to 
the cooperation of a hereditary tendency to rhythm 
with the after-effect of the periodic repetition of 
aitiogenic reactions induced by external conditions. 
Buds appear to have an inherent hereditary rhythm 
which may, however, be shortened or lengthened by 
appropriate external conditions. (Pfeffer, 1897, 
p. 214) 
Temperature 
The Effect of Temperature, Light, 
and Chem1cals on the Rest Period 
The common environmental factor associated with the 
end of rest period is exposure of the resting buds to a 
6 
period of low temperature. Coville (1920) noted that only 
those branches of a blue-berry plant which had been 
chilled would develop leaves. He stated, without evidence, 
that the best chilling temperature is 32-40°F in either 
light or darkness. 
Hodgson (1923) studied cuttings of 300 varieties of 
eight different fruit-tree species in the greenhouse. His 
observations showed that some species enter rest in mid-
summer, while others enter very late in the growing season. 
Chandler et al. (1937) studied chilling requirements for 
apples, pears, quince, peaches, almonds, apricots, plums, 
prunes, cherries, and many other trees and shrubs. They 
suggested that exposure to an average temperature of 48°F 
for various periods of time is sufficient for breaking 
rest. Yarnell (1939) reported large differences in rest 
' 
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requirements of Elberta peach when the trees were grown in 
different locations in Texas. A range of 400 to 1200 hours 
of c hilling below 45°F was r equired in order to break the 
rest, depe nding on the location in which trees were grow-
ing. Sis ler and Overho lser (1943) were able to estimate 
the a pproximate fl owering time of the dormant buds of 
De licious apples which had passed their rest period. A 
thousand hours above a daily maximum of 43°F from February 
1 re s ulte d in full bloom. Cold springs delayed blooming, 
while early bl ooming occurre d during warm spring weather. 
A further study on c hilling requirements of several pe ach 
varieties was performed by We inbe rger (1950a). Early 
e xposure to cold tempe rature did not break the rest as 
soon as when the cold occurred late r in the winter. In 
other words, cold tempe rature in early winter is not as 
eff icie nt in breaking rest as cold during mid-winte r. As 
an e xample , in 1941 an accumulation of 750 hours below 
45 ° F by early February was sufficient to satisfy the re-
quirements of Hiley peach buds, yet in 1944 an accumula-
tion of 900 hours of chilling at the same temperature by 
J anuary 15 was not adequate to break rest of the same 
variety. 
Moreover, leaf buds require a longer period of cold 
temperature to satisfy r est than do flower buds within the 
same variety and location. Leaf buds respond differently 
to chilling requirements. While Mayflower l eaf buds 
8 
require about 1250 hours, Afterglow leaf buds require only 
750 hours. 
Weinberger (l950b, 1956) discussed the winter tempera-
ture and its correlation to prolonged dormancy. He corre-
lated this phenomenon in Hiley and Elberta peach varieties 
with the mean temperature of November, December, January, 
and February in Fort Valley, Georgia, during the period of 
1937-1954. Correlation coefficients of .28, .78, .87, and 
.59, respectively were obtained. Other correlations in-
cluded temperatures of combined months including February 
and November, December and January, and December to 
February, which gave correlation coefficients of .90, .93, 
and .91, respectively. He also correlated the total 
chilling hours with prolonged dormancy and found a .91 
correlation coefficient. He stated that the chilling in 
November was not as effective as that in December and Janu-
ary in preventing prolonged dormancy. 
Other studies concerning the effects of warm tempera-
ture during the chilling process were performed by Overcash 
and Campbell (l955a, l955b). They worked with two peach 
varieties--Sunhigh, which has a short chilling requirement 
and Redhaven, which has a long chilling requirement. A 
portion of the trees was exposed to 70°F for eight hours 
each day, while during the remainder of the day they were 
held at 39°F. The total chilling period was the same for 
each group of trees, but trees receiving the intermittent 
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warm periods did not start to grow as soon as those receiv-
ing continuous cold. The warm periods apparently canceled 
a portion of the chilling, which caused a delay in the 
opening of the buds and also reduced the number of buds 
growing. 
Kawase and Nitch (1959) reported that the vegetative 
growth of Betula seedlings was interrupted after exposure 
to 10 hours of light. When these seedlings were trans-
ferred to a long-day light condition, there was a resump-
tion of growth. The length of the long- day photoperiod 
necessary to cause a resumption of growth increased when 
the short-day exposure period was increased. They observed 
a growth inhibiting effect which must have been translo-
cated from the resting branches, while the growth promot-
ing effect may not have been translocated. A detailed 
paper by Kawase (1961) indicated that interruption of the 
short day photoperiod at night broke the rest period in 
Betula Pubescens . He observed either cold treatment or 
lqng photoperiods were capable of breaking the rest. He 
obtained a continuous growth under 18 hours of light. 
Hoyle (1960) found there was an interaction between 
day length and temperature for breaking the rest of black 
currant. He reported that long days were effective in 
breaking the rest of buds, when the chilling period was 
inadequate. 
I 
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Piringer and Downs (1959), working with apple and 
peach trees, reported that 8 hours of daylight and 8 hours 
of supplementary fluorescent light resulted in an increase 
of stem lengths. Incandescent light, on the other hand, 
had no effect on stem length. They observed that the 
maximum number of flowering buds were obtained from 8 
hours of day light and 16 hours of fluorescent light. In 
peaches, 8 hours photoperiod resulted in shorter stems 
than when the tree received a 12 to 16 hour photoperiod. 
Ashby (1962) reported that a 16-hour day resulted in 
a highly significant increase in stem length of Basswood 
as compared with an 8 or 12-hour photoperiod. 
Smith and Kefford (1964), in their review article, 
summarized present thought on phases of bud development 
and dormancy. They reported that photoperiod has an im-
portant role in bud development and dormancy. Long day 
conditions, depending on the species, may maintain a state 
of continuous growth within the bud in its initiation and 
development through maturity. In some species, this steady 
state may be maintained indefinitely. In other species, 
however, the steady-state development may terminate some-
times even under long day conditions. Thus the effect of 
long-day conditions upon the species which develop in a 
series of flushes is the maintenance of a steady-state of 
cycles of development. Under short-day conditions, on the 
other hand, a contrasting succession of developmental 
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events is initiated and these may eventually lead to the 
dormant state. They reported that during dormancy develop-
ment, changes within the bud may be induced or hastened by 
transfer of a shoot from short-day to long-day conditions. 
A critical number of short days may be required for induc-
tion and the return of plants to long days before the 
critical cycle number has been excee ded, which may lead to 
the resumption of the expanded growth typical of long days 
(Wareing, 195la; Downs and Borthwick, 1956). According to 
Smith and Kefford (1964), there are two portions of dorman-
cy development. The first one is reversible with respect 
to photoperiodic induction (Summer dormancy), and in 
species which develop by a series of flushes during one 
season, the type of development occurring between flushes 
constitutes the reversible part of dormancy development. 
The second is the irreversible change occurring after the 
bud has received a certain quantity of inducing treatment 
which leads to the dormant state (Winter dormancy). In 
general, dormancy development may be considered as a suc-
cession of processes. The transition to a dormant bud 
requires stress be laid upon that direction of the reversi-
ble processes which must proceed to allow the irreversible 
processes to commence . It is not necessary for all species 
to enter these stages of bud development. Some birch and 
beech species become dormant under short-day induction, 
but their dormancy may always be broken by transfer to 
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long-day conditions . Thus, according to Smith and Kefford 
(1964), those species may never enter the irreversible 
phase of dormancy. 
The effect of photoperiod and its interaction with 
temperature has been discussed by Wareing (1956). He 
pointed to the continuous variability between one extreme 
of species which respond only to long photoperiods and the 
other extreme of species responding only to chilling for 
the completion of rest. 
Photoperiod and light quality have an important role 
in breaking rest of certain varieties. Borthwick et al. 
(1952a, 1954) reported that germination of light-sens itive 
lettuce seeds was not possible under dark conditions. How-
e ver, irradiation of tho scads with rod light for a few 
minutes removed the rest influence, causing germination. 
Far-red light, on the other hand, reversed and canceled 
the effect of red light . Maximum growth activity was ob-
served at 650 mu and maximum reduction at 735 mu. The 
existence of a red-far-red reversible pigment system upon 
germination of lettuce seeds, depended simply on whether 
red or far-red was given last . Any red effect was reversed 
by far-red given immediately after, and vice versa. The 
basic assumption is that the two opposed light effects are 
mediated by the same pigment which may exist in two forms, 
a red-absorbing form and a far-red-absorbing form. These 
two forms (PR and PF) may be photochemically 
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interconvertible according to the following equation: 
red light 
far-red light 
The final physiological result would then depend on what-
ever form remained after the last illumination (Hillman, 
1963). Evidence for the red, far-red reversibility of 
photoperiodic light was presented first by Borthwick et al. 
(l952b), using Xanthium. Following this, Downs (1956) 
showed that the effects of light-breaks were also far-red 
reversible in the long day plant Hyoscyamus niger and 
Wintex barely and in the short day plant Amaranthus 
candatus and Biloxi soybean. He was able to demonstrate 
repeated reversibility, like that in lettuce seeds, in 
both Xanthium and soybeans. 
Chemicals 
Several chemicals have been used in breaking the rest 
of various species even during the winter. These include 
ethylene chlorohydrin for potato (Hemberg , 1952), dinitro 
chemicals for apples (Samish, 1960), glycol and glycerol 
for oat cuttings (Schoeneweiss, 1963), and gibberellic 
acid for peach (Walker and Donoho, 1957 and 1959), and 
baswood (Asbby, 1962). 
It is important to notice the phase during which such 
chemicals were applied. Larson (1960) applied gibberellic 
acid to various species of dormant hardwood cuttings col-
lected in the field in January and April. All of the 
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untreated controls grew, hence, they had completed their 
rest although there was a hastening effect by gibberellic 
acid applications. Donoho and Walker (1957), on the other 
hand, worked with peach buds which had not received suffi-
cient cold treatment to break rest. None of the buds on 
control plants grew, while treatment with gibberellic acid 
at a concentration of 4000 ppm induced 98% of the buds to 
grow, thus the gibberellic acid did overcome the rest 
period. 
Applications of gibberellic acid have caused sprouting 
of potato tubers in all stages of dormancy (Lippert et al., 
1958). Smith and Rappaport (1961) reported an increase in 
endogenous gibberellin-like substances associated with 
sprouting of potato tuber buds. However, the authors 
pointed out that it is not clear from the evidence whether 
the increase in the endogenous gibberellin-like substances 
precedes or is a consequence of sprouting. There is, how-
ever, other evidence indicating that the levels of endo-
genous gibberellin-like substances in dormant organs are 
induced by chilling. Frankland and Wareing (1962) showed 
an increase in gibberellin activity of extracts of dormant 
ve 
seeds of hazel (Corylus anellana) as the period of chilling >( 
advanced. Quantitative changes in promoting substances in 
response to photoperiodic regimes have also been demon-
strated by Nitsch (l957b). He found that long days cause 
an increase in growth promoters while there was a decrease 
in promoters associated with short days. 
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Eagles and Wareing (1963) hypothesized that termina-
tion of the rest influence may be caused by a build-up of 
endogenous gibberellins in response to chilling. The mode 
of action was not reported, however, it is possible that 
the increased amounts of gibberellin would sufficiently 
alter the existing pattern of regulators to bring about the 
initiation and termination of the rest influence (Smith 
and Kefford, 1964). Sastry and Muir (1965) reported that 
the mode of action of gibberellic acid is to enhance the 
conversion of auxin precursors such as tryptophane (Wildman 
and Bonner, 1948), tryptamine (Skoog, 1937), indole-3-
acetaldehyde (Larson, 1949), and indole-3-acetonitrile 
(Bentley and Housley, 1952) to the active auxin. Their 
evidence, using the apical segments of Avena Coleoptiles, 
suggests that the action of gibberellic acid in the con-
version of the auxin precursor involves the transformation 
prior to the aldehyde stage. 
In earlier work, treatments with GA result in an in-
crease in diffusible auxin in the pea (Kuraishi and Muir, 
1962). The same authors (1964) demonstrated that in dewarf 
pea and Centaurea, the increase in the diffisuble auxin 
occurred before the elongation of the stem or bolting 
response to GA treatment. Sastry and Muir (1963) reported 
that no diffusible auxin in tomato ovaries was present at 
anthesis, although following GA treatment, diffusible 
auxin was obtained and the amount increased with time up 
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to 22 days concomitant with the growth of the ovary. This 
has been studied also by other workers; not only was the 
diffusible auxin increased as a result of GA treatments, 
but also the amount of extractable auxin was increased in 
peas (Philips et al., 1959), the potato tuber (Tsukamoto 
and Sano, 1958) , and Rhus typhina (Nitsch, 1957) . These 
observations indicate that GA has a role in auxin forma-
tion. Furthermore, enzyme preparations from plant tissues 
treated with GA have a greater efficiency for conversion 
of tryptophan into active auxin than non-treated tissue 
(Muir, 1964). 
Most recently Simpson (1965) reported that an exo-
genous source of GA is necessary for germination of dormant 
embryos of Avena fatua L. The action of exogenous GA or 
an endogenous GA-like factor prior to germination is to 
promote the synthesis or activation of enzymes necessary 
for the utilization of endosperm as the substrate for 
germination and growth. He demonstrated that the level of 
free phosphate, specific activity of 3'-nucleotidase, and 
ability to synthesize soluble protein, is markedly restric-
ted in highly dormant embryos. Gibberellic acid was able 
to overcome these restrictions. Naylor and Simpson (1961) 
indicated that such restrictions may be explained on the 
basis of lack of sugar production during germination which 
is due to a block in the release or synthes i s of the 
enzyme maltase (Simpson and Naylor, 1962). They reported 
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that in spite of amylases that are present in both dormant 
and non-dormant seeds, they alone are not capable of 
breaking down intact endosperm starch granules to the level 
of simple sugars needed by the embryo for germination. 
They showed, however, that a combination of exogenous 
maltase with amylase is effective . Exogenously applied GA 
can bring about the secretion or synthesis of maltase, and 
thus overcome the block in dormant seed which prevents the 
normal secretion of maltase which leads to the production 
of simple sugars needed for germination. They further 
postulated that another restriction in the dormant state 
is a block of sugar utilization which could be overcome 
also by gibberellic acid. 
The mode of action of GA in relation to replacing the 
light requirement during germination of lettuce seeds was 
reported recently by Rai and Laloraya (1965). They sug-
gested that the effect of GA was the enhancement of the 
mobilization of reserve nitrogen from cotyledons to the 
growing points of lettuce seedlings. 
Organ Culture Study and the Rest Period 
"Organ culture" and "tissue culture" are not synony-
mous, although they are mistakenly used interchangeably. 
Tissue culture as related to plants, refers to the growth 
of an isolated tissue, such as pith parenchyma or undif-
ferentiated callus, on artificial media . Organ culture, 
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on the other hand, involves the growth of specialized plant 
structures in which differentiation of tissues has oc-
curred (Dennis, 1961). 
White (1954, p. 31) reported that successful culture 
practices require the following: 
l. Facilities for preparation, s t eri lization, and 
storage of nutrients and for the cleaning of 
used equipment. 
2. A place for the aseptic manipulation of tissue. 
3 . Facilities for the maintenance of cultures under 
controlled conditions. 
4. Facilities for examination and study of cultures . 
5. A place for assembling and filing records. 
He stated, "It will seldom be possible to carry on all 
these procedures in a single room with any degree of ef-
fectiveness ." He concluded, "The ideal organization would 
allow a separate room for media, transfe r, culture, 
laboratory, and an office." 
While it is easy to sterilize materials and equipment 
used for culture work using standard steri lization prac-
tices, as using an autoclave at 15-20 pounds pressure for 
20-30 minutes, it is not quite so easy when dealing with 
living plant materials. 
One of the most commonly used c hemicals for steriliza-
tion of plant materials for c u lture is calcium hypoc hlor-
ite. Nitsch (1949, 1950) was able to ste rilize tomato 
ovaries and flowers using 15% calcium hypochlorite solu-
tion for 10 minutes. Sachar and Kasumkanta (1958) found 
that the same compound was successfully used as a sterilant 
for Tropaeolum majus L. ovaries using a concentration of 
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10% for 12-15 minutes. Other a uthors (Morel and We tmore, 
1950; Steeves and Sussex, 1957 ) r ported that "Pittclor" 
(a commerc ial product contain ing 70% calcium hypochlorite, 
manufactured by the Columbia Southern Chemical Company, 
Pittsburgh, Pennsylvania) was successfully used as a 
s terilant for Amorphophallus rivieri Dur tuber and fern 
leaves using a concen tration of 5% for 20 minutes. 
The use of many antibiotics to control the growth of 
bacteria and fungi has been de monstrate d by many authors. 
In general, most antibiotics we re more effective 
against bacteria than against fungi. However, some of the 
more recent antibiotics have bee n e ff ec tive against fungi 
(Ammann et al., 1955; Brian, 1949; Gold et al., 1955-1956; 
Phillips and Hanel, 1950; Tytel l et al., 1954-1955). 
Consequently, antibiotics are receiving more and more at-
tention as possible control agents in the battle against 
plant pathoge nic fung i. 
Muller (1958) found that streptomycin and neomycin 
had no effect on fungus growth. Eulicin, candidicin, and 
others were effective against many of the fungi but not 
against bacteria; thiolutin was both antibacterial and 
antifungal. He observed also that the antibiotics were 
frequently less effective in the presence of agar or other 
adsorbing materials than they were in the liquid media 
alone. 
Samish (1954) t hought that the r e st influence is 
l ocalized in the individual bud , although Chandler and 
Brown (1951) observed that growth of c hilled scions was 
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better on chilled than o n unc hill e d stock. It is important 
t o know the localizatio n of the rest influence for success-
f ul c ulture of rest i ng buds. Whil e in "preliminary rest," 
buds may be easily forced to grow b y subjection to cold or 
heat, wounding, t r eatment with anesthetics , etc . During 
the " midrest, " only the most drastic treatments will stimu-
late a growth response while it is more easy to stimulate 
g rowth e ither in "preliminary rest" or "after rest" (Samish, 
1954) . 
It is generally agree d that the intensity and the 
duration of the rest period v ary considerably among varie-
ties , species, time of year whe n chilling occurs . Even 
within the same variety, some buds may be in the midrest 
period five to seven weeks after spring growth starts, 
others may not be in the r est until Se ptember. For this 
reason it is important to select buds for culture from 
trees of similar age and vigor and from shoots on trees of 
comparable size and location , Buds taken from the orchard 
on diffe rent dates may be e xpecte d to respond differently 
to culturing (Chandler, 1951). 
It is nece ssary to supply culture media with all 
known growth factors r e quire d for plant growth and develop-
me nt. These factors may be grouped under the following 
f ractions: 
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l . Inorganic salt 
2. Organic 
3. Vitamin 
4. Hormone 
Perhaps the most complete inorganic salt solution is 
that of Hoagland and Snyder (1933) . The chief components 
of the organic fraction are sucrose or dextrose and 
asparagine (Murneek, 1935) or glutamine (Vickery et al., 
1936). White (1934, l940a,b) showed that by substituting 
sucrose for dextrose and utilizing a nonautolyzed yeast 
extract, a fully adequate nutrient could be provided 
(1934). He then analyzed the yeast (l937a) and showed 
that its effects were due to its content of amino acids 
(l937b), especially glycine (1939); and vitamins, especial-
ly thiamine (Robbins and Barthey, 1937). Robbins and 
Schmidt (1938) and Robbins (l939a,b,c) then added pyridoxin 
and nicotinic acid to their culture media. Morel and 
Wetmore (1951) have since added biotin and pantothenate as 
essential for certain tissues. Gauthert (1955) stated 
that Paris and Duhanet have shown that the mixtures of 
eleven amino acids contained in coconut milk stimulate 
appreciably the proliferation of certain tissues. The 
active substances in coconut milk have not been entirely 
elucidated (Caplin and Steward , 1948). They observed, 
however, that the milk of coconut, when filtered and auto-
claved, provides a supplement which, when added to White's 
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nutrient solution, improved the growth of certain tissues, 
notably a non-cambial strain of tissue from the carrot 
r oot . Most recently, Steward~ al. (1964 , p. 21) reported 
that successful plant cel l culture in t he laboratory re-
quires two things in order for ce lls to exhibit their full 
"tot ipote ncy": 
l. A ce ll be freed from organic connections with 
other cells. 
2. Free ce lls be nourished by a medium which i s 
fully competent to s upport their rapid growth 
and development . 
They were able to obtain whole plants using a freely 
suspende d single ce ll from t he secondary phloem of ca rrot 
roots. They stated that under the conditions in which 
living diploid cells exist in the plant body, their toti-
pote ncy is restricted. Thus, this r est raint may affect 
their ability to respond to the growth inducing substances 
of coconut milk which are essential for rapid cell divi-
sion, with minimum ce ll e nlarge ment . Elimination of c oco-
nut milk factor(s) results in growt h by cell enlargement 
with virtually no cell division. They further pointe d out 
that various inhibitors which act to stop protein synthe-
sis, if adde d to the nutrie nt me dium, prevent the expres-
sion of the coconut milk effect. The action of these 
inhibitors suggests that e nhanced protein synthesis is a 
prime factor in the growth induction process. 
At present the r e are a gr eat many nutrient formulas 
for growing plant tissues. Of these, the most widely used 
are modifications of those of White and of Gauthert 
(White, 1954) . 
Changes of Biochemical Constituents 
During the Rest Per~od 
An understanding of the biochemistry of dormant and 
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active buds is needed to serve as a basis for solving the 
problem of artifi c ially breaking and/or prolonging rest. 
Flemon and Strout de Silva (1960) reported a gradual 
increase in amino acids, organic acids, and phosphates in 
dormant peach seeds as the 5°C chilling period was ex-
tended . Boulter and Barber (1963) reported an increase in 
glutamic and aspartic acids during germination of Vicia 
faba L. seeds. The conversion of glutamic acid into other 
metabolites was reported by Sivaramakrishnan and Sarma 
(1965) in Phasealus radiatus seeds during germination . 
Glutamic acid was mainly converted to aspartic acid and 
asparagine. Proline and arginine were also generated from 
glutamic acid . The synthesis of glutamic acid was reported 
by the same authors to be from carbohydrates, especially 
glucose. The rapid degradation and the extensive synthe-
sis of this acid indicates high metabolic activity of 
seeds during germination. Folkes and Yemm (1958) reported 
that during germination of barley grains, endosperm 
proteins were degraded and amino acids were liberated and 
translocated to the embryo where they resynthesized into 
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e mbryo prote ins . Exce ss amino a c ids we re converted into 
aspartic acid , alanine, glycine , lysine , arginine, 
togethe r with nitrogen bas s and chlorophylls . Barton and 
Bray (1962) de monstrated that both aspartic and glutamic 
acids were inc reased markedly in after-ripened embryos of 
peach see ds. Seedl i ngs held at 5°C had larger quantities 
of alanine and glu t amine than those in the greenhouse. 
They showed also that total protein content of the seed-
lings decreased at lower temperature s compared with seed-
lings held at higher tempe ratures . Vegis (1964), in his 
revie w article, r e ported that nucleic acids have an im-
portant role in controlling the changes of growth activity 
in dormant organs . He reported that at the beginning of 
the rest period the growth ceases because of the lack of 
nucleic acids . In the dormant eyes of potato tubers, 
Deoxyribonucleic acid (DNA) content was at minimum and in-
creased again after the termination of dormancy. During 
the rest period of apple buds nucleoproteins was very low 
and increased five to eight times from the initial content 
when visible growth starts in the spring. Similar observa-
tions were reported by Vegis (1964) in the flower buds of 
Betula pubescens, Syringa vulgaris, and Prunus cerasus. 
He reported that the synthesis of Ribonucleic acid (RNA) 
and DNA occurs simultaneously with the resumption of 
growth in the spring. 
[: 
The e ffect of gibberellic acid on protein synthesis 
has b n rece ntly reported by Pale g (1965) . He demon-
s trate d that GA stimulates e nzyma t ically active prote in 
synthe sis in green malt plant . 
25 
It is ge nerally agreed that the onset and termination 
of the rest period in s e eds and buds is to some extent 
connected with the synthesis and decomposition of fats or 
lipid materials in the dormant organs (Eckerson, 1913; 
Gardner, 1921; Pack, 1921, 1925) . Vegis (1964) cited evi-
dence to show in the surface layers of protoplasm in cells 
of dormant organs, the re is an accumulation of lipids and 
other hydrophobic collids which occurs during the early 
r e st and disappears at the natural termination of rest as 
well a s after treatments with rest-breaking agents. This 
accumulation of considerable amounts of hydrophobic com-
pounds on the surface of the protoplasm and also the loss 
of protoplasmic contact with the cell wall leads to isola-
tion of protoplasts of single cells. In such a state the 
protoplasm swells little in water and its permeability to 
water and solutes may be considerably reduced. 
Metabolic changes in embryonic organs of the sou r 
cherry seeds during after-ripening at a low temperature 
(5°C) was investigated by Pollock and Olney (1959, 1960). 
They demonstrated an increase in the dry weight, total 
nitrogen, and total phosphorus of the embryonic axes, 
indicating that there was translocation from the 
26 
cotyledons to the growing organs. They also observed that 
the respiratory rate rose during chilling treatment and 
the efficiency of respiratory system utilization also in-
creased. Pollock (1960) reported similar results, con-
cerning the respiratory changes, in leaf primordia of 
maple buds. He suggests that one of the chilling effects 
which promotes the termination of dormancy is to maintain 
or increase the closeness or coupling between respiration 
and synthesis. 
Maleic acid was reported to be at higher concentra-
tions in the endosperm of dormant Paeonia suffructicosa 
seeds held in the greenhouse than those held at 5°C 
(Barton, 1961). She found that citric acid content in the 
endosperm was increased upon inhibition of water by the 
seeds. She reported also that fructose content was in-
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creased in the seedlings held at 5 C compared to those in 
the greenhouse. Glucose content of the seedlings at the 
two temperatures was the same, although there was a de-
crease in sucrose content in the endosperm and in the 
embryo at both temperatures. 
The effect of GA on starch-sugar conversion was re-
ported by Clegg and Rappaport (1965). They found that GA 
stimulates respiratory activity of intact resting potato 
tubers, and specifically stimulates the release of reduc-
ing sugars in the excised barley endosperm. Nanda and 
Purohit (1965) demonstrated that GA was able to convert 
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starch to sugar in Salmalia malabarica. They suggested 
that such conversion is induced by enhanced hydrolytic 
enzyme activities caused by GA treatments. Verner (1964) 
reported that GA effects were due to enhancement of 
amylase activities which favors such conversion. Similar 
results were obtained by Paleg and Hyde (1964) using 
aleurone cells of barley grains. 
Theories on the Rest Period 
Several theories have been proposed concerning the 
regulation of rest. However, before considering any of 
these theories, it should be emphasized that there are at 
least 3 major phases in the annual cyclic pattern of bud 
development. According to Smith and Kefford (1964, p , 1005), 
the 3 phases are: 
1. Dormancy development leading to the dormant 
state 
2. Release from dormancy (rest) leading to the non-
dormant state 
3 . The initiation of the spring burst of develop-
ment leading again to spring steady-state develop-
ment 
Thus, considering bud dormancy as a phase or process 
and ascribing its regulation to one substance is unlikely. 
Each phase of development, where the bud has a distinct 
developmental pattern, should be considered. 
For example, the single substance theory concerning 
auxins, as reviewed by Samish (1954) , where correlations 
between auxin level of buds and dormancy has been estab-
lished . Kassem (1944) and Eggert (1951) correlated 
28 
dormancy with high total auxin concentrations in pear and 
apple, while Bennet and Skoog (1938) could detect no dif-
fusible auxin in dormant pear buds. The single substance 
theory was proposed when auxin was the only regulator 
recognized, and it had be e n shown to inhibit the deve lop-
ment of lateral bud qf shoots. But after the discovery of 
many growth substances and their regulatory patterns in 
plant metabolism, this theory was abandoned . 
The inhibitor theory which is probably the most 
widely supported at present (Smith and Kefford, 1964) 
proposes that rest is caused by a build-up of inhibitors, 
and termination of rest by a loss of these inhibitors. 
Blommaert (1959) reported the presence of a growth 
inhibitor in resting Ptunus buds . In the spring, the 
quantity of this inhibitor decreased faster in trees that 
had been exposed to 7°C (44.6°F) than in those stored 
between 16°C (60.8°F) and 26°C (78.8°F). He suggested 
that the cold temperature inactivated the inhibitor. 
Hemberg (l958a) also reported an acidic growth inhibitor 
in Fraxinus buds and in potato tubers (1952). This in-
hibitor disappeared when the rest requirement was satis-
fied by normal chilling. A much larger amount of Fraxinus 
growth-inhibiting substance was found during the autumn 
months than in February , after the buds had emerged from 
rest. These investigators have separately referred to the 
Prunus and Fraxinus inhibitor as the B inhibitor. Varga 
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and Koves (1959) identifie d the B inhibitor as consisting 
of many phenolic compounds such as 0- and P-Coumaric , 
ferulic, cinnamic, salicyclic, and possibly benzoic acid 
derivatives, This inhibitor disappeared from resting buds 
three to five days after they were subjected to ethylene 
chlorohydrin treatment. In general, the levels of inhibi-
tory substances have been correlated with termination of 
rest in the potato tuber, whether breaking the rest is 
brought about naturally, or as a r esult of the application 
of rest-breaking chemicals (Blommaert, 1954; Varga and 
Fe renczy, 1956 ; and Hemberg , l958b). Burton (1956), on 
the other hand, could find no inhibitor-rest correlation 
in potato tubers . 
In woody species, Hendershott and Bailey (1955) found 
growth inhibiting substances in peach flower buds, 
He ndershott and Walker (l959b) also reported an endogenous 
plant growth inhibitor, which was at a high concentration 
in peach buds during the resting stage and decreased very 
rapidly just prior to the completion of rest. This in-
hibitor was crystallized and identified as naringenin 5, 
7 , 4' trihydroxyflavanone) by the same authors (l959a). 
Dennis and Edgerton (1961) and Corgan (l965a) confirmed 
the presence of naringenin in peach flower buds and showed 
that the chemical inhibited Avena Coleoptiles in the com-
mon bioassay test . They failed, however , to correlate its 
presence with the rest period. They reported that 80 per 
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cent of the total naringenin in peach flower buds was 
present in its scales rather than its reproductive tissues 
and the amount of extractable naringenin from the scale 
leaves did not show any c hanges correlated with rest . As 
the ratio of scale leaf tissue to other tissues decreased 
during the spring burst of growth, the concentration of 
the inhibitor using the entire bud was observed to decrease. 
Phillips (1961, 1962) studied the possibility that 
rest and growth are controlled, in part, by interaction 
between endogenous inhibitor and gibbe rellic acid, He 
(1961) demonstrated that naringenin was able to induce a 
light requirement for germination of "Great Lakes" lettuce 
seed, This effect of naringenin was reversed by the supply 
of gibberellic acid, The extent of the reversal proved to 
be a function of the ratio of the number of gibberellic 
acid molecules present to the number of molecules of narin-
genin, Phillips (1962) has also investigated the effect of 
naringenin addition to solutions of gibberellic acid to be 
applied to dormant peach buds. He showed that naringenin 
inhibited the rest-breaking effect of gibberellic acid and 
the degree of inhibition was dependent upon the relative 
concentrations of naringenin and gibberellic acid in the 
test solution, From these results he concludes that 
naringenin apparently competitively inhibits the rest-
breaking effect of gibberellic acid on dormant peach buds. 
He further pointed out that flavanoids often have anti-
oxidant properties, and that naringenin itself has been 
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reported an inhibitor of oxidation of fats. It is there-
fore possible that the growth-inhibiting action of narin-
genin is closely related to its depressive effect on 
oxidation processes. 
Thimann (1963) , in his review article, pointed out 
that many plant constituents, which have acted as growth 
inhibitors in vitro using the Avena Coleoptile bioassay 
test, may not act the same in vivo. Thus a severe draw-
back to the inhibitor theory concerning rest is its 
dependence on results obtained with bioassays designed 
only to measure an inhibition of cell enlargement in Avena 
Coleoptile sections (Smith and Kefford, 1964). 
Another hypothesis concerning the rest period was 
introduced recently by Walker (1964, p. 3). He stated: 
Plant growth depends on a hormonal balance or 
equilibrium between naturally occurring growth 
inhibitors and growth promoters. In nature the 
equilibrium is affected by temperature-time 
interactions. When growth inhibitors such as 
naringenin or coumarin predominate in the plant, 
growth does not occur. When the balance is tipped 
in the other direction by artificial ly applied 
chemicals such as gibberellic acid, or by the 
necessary temperature-time combination, the rest 
stage is ended and growth is initiated. 
MATERIALS AND METHODS 
Greenhouse Study 
One year old apricot and peach seedlings were grown 
on the Utah State experimental station farm at Ogden, 
Utah. On September 19, 1964, they were transferred to 
the Department of Horticulture greenhouse where they were 
pruned. Both thinning out and heading back type of cuts 
were made in order to shape the young trees. They were 
grown in wide mouth, one gallon cans containing soil from 
the experimental station at Ogden. The trees were left 
in their cans in the greenhouse for a period of time for 
proper adjustment before treatments were made. They were 
then subdivided into the following treatments, each con-
sisting of four similar peach and apricot trees. Table 1 
summarizes the different treatments which were made in 
this study. 
In all instances during the treatments in Table 1, 
trees were watered frequently and kept moist throughout 
the experiment. 
The rest period was considered broken when a minimum 
of 50 per cent of the total buds showed visible growth 
after termination of experiment (Cooper, 1954). 
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Table l. Description of various tr a tments made in the 
greenhouse to peach and apricot trees. 
'!'rea tment 'l'rea tment 
number name 
l 
2 
3 
Cold 
treatment 
Light 
treatment 
Gibberellic 
Acid 
De scription 
On Nove mbe r 27 , 1964, trees were 
placed in a cold storage room held 
at 45°F for a period of two months 
(1440 hours) . On January 26, 
1965, they were transferred from 
the storage room to the greenhouse 
where growth observations of the 
young tre es and pictures were made 
on February 2 , 1965. 
On Dece mber 1, 1964, trees were 
provided with continuous illumi-
nation of incandescent light in 
the gree nhouse. The average light 
intensity was 300, 233, and 200 
foot candles at pot-level, mid-
level and top·-level of the plants 
respectively. Temperature was 
recorded inside the light chamber 
and an average of 82°F was ob-
tained. Visual bud growth and 
shoot length were measured three 
times at one week intervals after 
the light source was provided on 
December 1, 1964. Pictures were 
made on December 25, 1964. 
GA was applied to each of the 
individual buds of all the trees. 
The 2000 p.p.m. GA solution was 
allowed to diffuse into lanoline. 
The lanoline-GA paste was then ap-
plied to the individual buds by 
the use of a small brush. The ap-
plication was made twice, the 
first one on November 14, 1964, 
and the second on December 9, 
1964. The trees were kept in the 
greenhouse where the temperature 
was 70°F. Visual bud growth was 
evaluated on December 25, 1964, 
when pictures were taken. 
Table l. Continued. 
Treatment 
number 
4 
5 
6 
Treatment 
name 
Cold and 
GA 
GA and 
light 
Cycle 
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Description 
On Nove mbe r 27 , 1964, trees were 
place d in a cold storage room held 
at 45°F for a period of one month 
(720 hours) then transferred to the 
greenhouse where a lanoline paste 
containing 2000 p.p.m. GA was ap-
plied to the individual buds on 
December 26, 1964. Growth observa-
tions and pictures were taken on 
February 2 , 1965. 
Only on November 14, 1964, GA was 
applied to the individual buds in a 
manner similar to that of treatment 
number 3. On December 1, 1964, a 
continuous light source was pro-
vided as described under treatment 
number 2. Growth measurements and 
observations were made on December 
11, 1964, and at weekly intervals 
thereafter. Pictures were taken on 
December 25, 1964. 
On November 27 , 1964, trees were 
placed in a cold storage room for 
one week , followed by a light treat-
ment the following week. The condi-
tions under which the cold and the 
light sources were provided, are 
exactly of treatments number 1 and 
2 respectively. Repetition of this 
cycle was made twice after which 
growth observations were recorded 
and pictures were taken on December 
25, 1964. 
7 Red light On December l, 1964, trees were pro-
vided with daily 10-minute exposure 
to red light source supplied in the 
evening after dark for a period of 
25 days. The source was provided by 
the use of white fluorescent light 
(1000 f.c.) at the tree height with 
an interposed filter of 2 sheets of 
red cellophane (Hillman, 1963). 
Growth observations were made and 
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Table l. Continued, 
Treatment Treatment 
number name 
8 Far- red 
9 Control 
Description 
pictures were taken on December 25, 
1964. 
The only difference between this 
treatment and the previous one is 
that a far - red light source was 
provided by the use of incandes-
cent light (800 f.c.) at the tree 
height with interposed two layers 
each of red and blue cellophane 
(Hillman, 1963). 
Trees were kept constantly in the 
greenhouse as the untreated con-
trols. Temgeratures were maintained 
at about 70 F in the greenhouse 
throughout the experiment. 
Organ Culture Study 
To study the location of the rest influence in peach 
and apricot trees, twigs containing vegetative and flower 
buds were collected from the experiment station research 
farm at Ogden, Utah. The twigs were brought immediately 
to the laboratory on November 14, 1964; December 12, 1964; 
and December 25, 1964. Buds were detached from the twigs 
and they were placed in small glass jars with screw caps 
in order to prevent growth of fungi and bacteria. They 
were rinsed rapidly with 70 per cent ethanol, and then a 
filtered solution of 8 per cent calcium hypochlorite 
"Ca(OCl) 2 " was poured into the containers. The jars were 
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capped and inverted for 10 minutes. The Ca(OC1) 2 solution 
was then poured off, and the buds were rinsed twice with 
autoclaved distilled water. The culture and operation 
practices were carried on using the existing facilities 
available. Care was taken to provide adequate facilities 
for preparation, sterilization, and storage of nutrients. 
The culture manipulations were performed using a closed 
sterilized chamber with four holes equipped with plastic 
gloves to permit handling the materials and equipment 
without contamination from the atmosphere (Figure 1). 
The following experiments, each representing a single 
sampling date, were undertaken: 
Experiment number 1 (November 14, 1964) 
Sterilized peach and apricot buds were placed into 
the cabinet where they were subdivided into six treatments 
with each treatment placed in sterilized plastic petri-
dishes containing modified White's solution solidified by 
one per cent Bacto-Agar (Table 2). In each petri-dish 
there were 10 buds embedded into the agar. 
The treatments were as follows : 
1. Flower buds with bud scales present 
2. Vegetative buds with bud scales present 
3. Flower buds after removal of bud scales 
4. Vegetative buds after removal of bud scales 
5. Flower buds after being soaked in 2000 p.p.m. 
Gibberellic acid for 10 minutes 
Figure l. Cabinet use d for organ culture studies. 
(Notice four windows attached with plastic 
gloves for handling materials inside the 
cabinet. The large window was for observa-
tion, and the s e ale d side door was used for 
placing e quipme nt ins ide the cabinet.) 
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Table 2. Formula used for preparation of White's solution 
"stock solution" 
Chemical Weight Method of Procedure 
A a-Salt Solution 
l . Ca(N03) 2 20 gm These chemicals were dis-2. Na2so4 20 gm solved one at a time in 8 
3. KCl 8 gm liters of double distilled 
4. NaH2Po4 1.65 gm water. Then MgS04 was dis-5. MnS04 0.45 gm solved separately in 2 6. ZnS04 0.15 gm liters of water. The two 
7. H3B03 0.15 gm were then mixed slowly in 
8 . KI 0.075 gm a 10-li ter plastic bottle. 
9. MgS04 36 gm 
Bb~v.uamin 
Solution These chemicals were dis-
l. Glycine 300 mg solved in 100 ml of double 
2. Nicotinic distilled water ; then dis-
Acid 50 mg tributed in 10-ml aliquots 
3. Thiamine 10 mg in test tubes, stoppered, 
4. Pyridoxine 10 mg and stored in the refrigera-
tor. 
C-Carbohydrate Sucrose was dissolved in one 
Solution liter of water 
Sucrose 40 gm 
Fe 2 (so4 ) 3 5 ll!g dissolved in 50 ml of water, then mixed with Sucrose solu-
tion. 
D-Final Nutrient For 2 liters of nutrient, 
Solution solutions A, B, and C were 
Solution A 200 ml mixed. 20 gm of Agar was 
Solution B 20 ml then dissolved in one liter 
Solution c 780 ml of hot water and added to the 
Agar 20 gm Nutrient Solution. It was 
then autoclave-d at 15 lbs. 
pressure for 30 minutes, 
poured into sterilized petri-
dishes, and allowed to cool 
before being used. 
10 times of final concentration used. 
100 times of final concentration used. 
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6. Vegetative buds afte r being soaked in 2000 p.p.m. 
Gibberellic acid for 10 minutes 
Each treatment was further subdivided into the fol-
lowing sub-treatments (in duplicates) : 
a. Storage at 38°F for a period of 2 months 
b. Storage at 45°F for a period of 2 months 
c. Placed in a growth chamber for 25 days held 
at 45°F and having a light intensity of 
300 f.c. 
d. Placed in a growth chamber for 25 days held 
at 80°F and having a light intensity of 600 
f.c • 
The buds were transplanted weekly into new petri-
dishes with similar media. "B" Bacitracin-10 units Desi-
Discs were embedded in the agar for controlling fungus or 
bacterial growth (Muller, 1958). 
Frequent observations were taken, and petri-dishes 
with any sign of contamination or dessication were re-
placed immediately with new ones. 
Experiment number 2 . (December 12, 1964) 
At this sampling date peach and apricot buds were 
treated and subdivided into the same treatments and sub-
treatments as under experiment 1. The only difference is 
that 50 ml of coconut milk was added to White's final 
nutrient solution (Table 1). 
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To prepare the coconut milk, holes were drille d 
through the "eyes " ( germinal pores) of the fruit endocarp , 
and the liquid endosperm was allowe d to drain into large 
beake rs. This liquid was filtered through cotton and then 
through Watman #l filt e r pape r, and allowed to stand over 
night, The liquid was again filt e r e d to remove the pro-
tein precipitate, divided into 50 ml portions, place d in 
plastic bottles, and stor ed at 0°C in the r efrigerator. 
The bott l es were removed from the freeze r as nee de d , whe re 
50 ml was added to 2 liters of White's final nutrie nt 
solution, the n autoclaved at 15 pounds pressure for 30 
minutes before placing into the petri-dishes as the media 
for bud growth of thi s e xpe riment. 
The same precautions unde r expe riment l were followed, 
with the exception that "A" Aureomycin-30 mg Desi-Discs (a 
product of Nat ional Bio-Test , Inc. , Omaha, Nebraska) was 
used to control contamination after transplanting into the 
ne w petri-dishes (Muller, 1958) . 
Experiment number 3 (Dece mbe r 25, 1964) 
A completely differe nt nutrient solution was used in 
this experiment . The solution was prepared as outlined by 
White (1954) and Table 3, It consisted of 7 stock solu-
tions in addition to the coconut milk solution prepared as 
under experiment 2. Five modifications of this solution 
were prepared. The following ingredients were added. 
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Table 3, Modifications of nutrie nt solution used for 
organ culture study 
Stock solutions used 
Nutrients l 2 3 4 5 
Knop Solution 100 ml 100 ml 100 ml 100 ml 100 ml 
Berthelot Solution 1 ml 1 ml l ml 1 ml 1 ml 
Dextrose 30 gm 50 gm 50 gm 50 gm 50 gm 
Agar (Bacto) 6 gm 6 gm 6 gm 6 gm 6 gm 
Cysteine-thiamine 10 ml 10 ml 10 ml 10 ml 
Ca-pantothenate 1 ml l ml 
Biotin 1 ml 1 ml 
Inositol 10 ml 
NAA 3 ml 1 ml ,5 ml l ml 
GA 2 gm 
Coconut Milk 30 ml 
Kinetin ,01 gm 
IBA ,01 gm 
Distilled Water 874 ml 888 ml 859 ml 888.5 ml 896 ml 
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Due to the very high acidity of Be rthelot solution 
(White, 1954) , all these solutions were adjusted with 0 . 1 
N NaOH to a pH of 5.7 before autoclaving, otherwise the 
agar would not solidify (White, 1954). These solutions were 
autoclaved under 15 pounds pressure for 30 minutes and 
poured into the sterilized Petri-dishes and allowed to cool 
before embedding the buds of this experiment. The same 
subdivisions, treatments were undertaken as under experi-
ment 1 and 2 with the exception that "p" penicillin-10 
units Desi-Discs (a product of National Bio-Test, Inc., 
Omaha, Nebraska) was used to control contamination after 
transplanting into the new petri-dishes (Muller, 1958) . 
Biochemical Studies 
Elberta peach and Chinese apricot flower buds were 
collected at random at the Utah State Agriculture experi-
ment station farm at Ogden, Utah. The collections were 
made at about two week intervals starting August 6, 1964, 
and continued until March 26 and April 9 for apricot and 
peach trees respectively. 
To prepare the samples for some biochemical studies 
(measuring amino acids, organic acids, and sugars), the 
samples were frozen at time of collection. At the time of 
analyses, 2 grams of the frozen buds were weighed and 
placed in 20 ml of 85 per cent boiling ethanol pH7. They 
were then homogenized in a stainless steel Waring blender 
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Table 4. Formula used for preparation of stock solution 
for experiment 3. 
Chemical Amount Method of procedure 
A. Knop solution 
1. Ca(N03 ) 2 1,0 gm dissolved one at a time, 
2. KN03 0,25 gm into one liter of double 
3. KHSP04 0.25 gm distilled water 
4. Mg 04 0,25 gm 
B. Berthelot 
solution 
1. Fe 2 (so4 ) 3 50.0 gm dissolved one at a time, 2. MnS04 2.0 gm into one liter of double 
3. KI 0.5 gm distilled water 
4. Znso4 0.1 gm 5. H3B03 0.1 gm 6. H2S04 1.0 ml 7. Cuso4 0,05 gm 
c. Cysteine-HCl 100 mg dissolve in 100 ml D,D, H20 
Thiamine 10 mg 
D. Ca-pantothenate 10 mg dissolve in 100 ml D.D. H2 0 
E. Biotin 10 mg dissolve in 100 ml D.D. H2 o filter 
F. Inositol 1 gm dissolve in 100 ml D.D. H2 0 
G. NAA 10 mg dissolve in 100 ml 30% ethyl 
alcohol 
H. Coconut milk 30 ml prepared as under experiment 
2. 
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with an additional 20 ml of ethanol. The homogenate was 
then centrifuged at 2000 r.p.m. for 10 minutes. The 
supernatant was decanted. The r e sidue in the centrifuge 
tube was resuspended with additional 60 ml of 85 per cent 
ethanol pH7. Continuous extraction was made for 16-18 
hours using a distillation apparatus. The two supernatants 
were combined and evaporated under an air stream to reduce 
the volume to about 40 ml. The supernatant then was 
washed with 50 ml of petroleum ether , and the ether wash 
was discarded. The ethanol extract was then allowed to 
evaporate to a volume of 15 ml in a 50 ml beaker. The 
solution then was poured into resin columns for separa-
tion of amino acids, organic acids, and sugars. 
Preparation of dowex cation exchange columns 
Dowex 50w-X8 (200 to 400 mesh) resin was placed into 
a beaker and soaked overnight in distilled water with 
occasional stirring. Fine particles were removed by 
decanting the supernatant after 30 minutes and repeating 
the process several times. 
To convert the resin to the hydrogen form, the Dowex 
was heated for 16 hours at 100°C with 2 volumes of l N 
sodium hydroxide. It was then poured into a 2 x 24 em 
column having fine glass wool packed into the stem before 
pouring. The resin was then washed with deionized water 
to remove the excess sodium hydroxide. Hydrochloric acid 
(6N) was then poured into the resin in sufficient quantity 
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to allow actual contact with all the resin particles. The 
HCl was removed with deionized water until the effluent 
was free from chloride ions (Thompson et al., 1959b). 
The aqueous solution (pH7.0) of extracted amino 
acids, organic acids and sugars were poured onto the Dowex 
50w cation exchange column in the hydrogen form prepared 
as indicated above. Small samples of the effluent were at 
intervals checked colorimetrically with ninhydrin (1,2 ,3 -
tri-ketohydrindene) solution to detect any escape of amino 
acids from the resin. If any positive reaction was ob-
tained, the solution or effluent was repoured on the 
hydrogen column and allowed to pass again through the 
resin. The resin then was washed with 4 successive por-
tions of 10 ml deionized water to assure removal of organic 
acids and sugars into the effluent. The amino acids re-
tained by the Dowex column were eluted from it using 80 ml 
of 2N ammonium hydroxide added in small portions. The 
resin then was washed 3 times with 40 ml deionized water 
to assure elution of all amino acids from the resin (this 
was checked by using ninhydrin) . The resulting eluate was 
taken to dryness under a stream of air (35°C) and the 
dried amino acid samples were kept in 50 ml beakers and 
stored in the refrigerator until analyses for the indi-
vidual amino acids were made (amino acid fraction (1)) .' 
To regenerate the Dowex resin, 2 volumes of 2N sodium 
hydroxide was allowed to pass through the resin, then a 
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sufficient quantity of deionized water was added to remove 
the excess NaOH before add ing 60 ml of 6N HCl ; finally de-
ionized water was added until the effluent gave a negative 
chloride test. 
The solution containing the organic acid and the sugar 
fraction was poured onto an anion exchange resin after 
being reduced to a volume of 20 ml. The anion exchange 
resin was prepared according to the following manner. 
Preparation of rexyn anion exchange columns 
Rexyn CGI (200 to 400 mesh) anion exchange resin was 
converted from the chloride to the formate form by washing 
with a sufficient quantity of 6N formic acid, The resin 
was then poured into columns of approximately 1 em diameter 
and 14 em deep after draining at a rate of about 1 ml per 
minute. The columns were then washed twice with 20 ml de-
ionized water to remove excess formic acid. 
To separate the organic acids from the sugars, the 
effluent from the Dowex column, after being reduced to a 
volume of 20 ml, was poured onto the Rexyn resin and 
allowed to drain at a rate of about 1 ml per minute, The 
organic acids in the sample were retained by the anion ex-
change column, and the effluent contained the sugar frac-
tion . The resin was washed twice with 20 ml portions of 
deionized water to remove sugars and colored compounds 
(Jorysch et al . , 1962). The organic acids retained by the 
column were eluted by passing 60 ml of 6N formic acid 
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through the column, then the resin was washed twice with 
20 ml portions of distilled water. The eluate containing 
the organic acids was evaporated to dryness under air 
stream (35°C) to remove formic acid, and the residue was 
taken up with 4 ml 35% ethanol and transferred to 50 ml 
beakers and allowed to dry. The beakers then were covered 
with aluminum foil and stored in a dessicator until 
analyses were made (organic acid fraction(~)). 
The effluent from the Rexyn anion exchange column was 
also allowed to dry under the same conditions above. The 
residue in the beakers was kept in the refrigerator until 
analyzed (sugar fraction(~)) : 
Determination of amino acids 
The dried amino ac id samples were taken to the chem-
istry department for analyses. The samples were placed 
into test tubes where hydrolysis was accomplished using 6N 
HCl to assure hydrolysis of any peptides that were present. 
The tubes were put in an oven at l05°C for 18 hours. The 
standard method for amino acid analysis as described by 
Moore et al. (1958) was used. A Beckman amino acid 
analyzer, model l20B, was used in separating the various 
amino acids (Spackman~ al., 1958). The neutral and 
acidic amino acids were separated on a 150-cm column of 
Amberlite IR-120, and the basic amino acids were applied 
to the short column (15-cm). Two 0.2N citrate buffers at 
pH 3.25 and 4.25 were required with the 150-cm column for 
48 
separation of the neutral and acidic amino acids respec-
tively. The basic amino acids were eluted from the short 
column (15-cm) by the use of 0.35N citrate buffer at a pH 
of 5.28. A detailed description of the operation practices 
used is available in the Beckman amino acid analyzer 
manual (1960). Two grams of fresh buds was used for amino 
acid analyses without separating the amino acid fraction 
into two replicates. 
Determination of organic acids 
Preparation of silica gel suitable for chromatography. 
One pound of "pure" sodium metasilicate (Na2 Si03 . 9H2o) 
was transferred to a liter graduated beaker using enough 
distilled water to give a final volume of 620 ml. The 
beaker was warmed on a hot plate, with occasional stirring, 
until the silicate was dissolved. The beaker was then 
placed into an ice container and stirred manually from 
time to time until the temperature was 35°C. During this 
period enough methyl orange powder was added to give the 
solution a yellowish color. 
The precipitation was then carried out by adding lON 
HCl slowly from a separatory funnel as the solution was 
stirred vigorously. The temperature was kept in the range 
of 36°C to 38°C by controlling the rate of acid added. 
When the precipitation passed through a thick stage, the 
mixture was heated with continuous stirring. The addition 
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of acid was continued until the indicator remained pink 
after a thorough mixing. The mixture was allowed to stand 
at room temperature for a minimum of three hours, with 
occasional stirring (Neish, 1949) . More acid was added if 
the indicator lost the pink color. 
The silica was filtered using a Buchner funnel, washed 
with three 500 ml portions of distilled water, then resus-
pended in one liter of .2N HCl and allowed to stand over-
night (18-20 hours) . It was then washed on the Buchner 
funnel with distilled water until the eluate was about pH 
4.5 (Neish, 1949). 
Finally it was washed with a 500 ml portion of 95% 
ethanol followed by 500 ml of ethyl ether. 
After drying in the air on a paper for several hours, 
the silver powder was distributed into 250-ml beakers and 
heated at 300°C to 320°C for 20 hours. It was then stored 
in a wide-mouth glass bottle covered with aluminum foil, 
in a desicator. The yield of dry silica is 80 to 82 gm per 
pound of sodium metasilicate (Neish, 1949) . 
Separation of organic acids 
Eluting solvents were prepared from chloroform and 1-
Butanol which meet A.C.S. specifications. The chloroform 
was washed twice with distilled water and the 1-Butanol 
was equilibrated with water before use (Bulen et al., 
1952). The ratio of chloroform to 1-Butanol was 10:11 
respectively. 
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Phenol red indicator used for organic acids was pre-
pared by grinding 100 mg with 5.7 ml of .05N sodium 
hydroxide and making up to volume of 100 ml. 
Standard .OlN sodium hydroxide solution used for 
titration of acids was prepared by dissolving 4 gm of NaOH 
into 10 liters of distilled water. 
The chromatographic tube (14 mm x 35 em) was prepared 
with fine glass wool packed into the stem before pouring 
the silica gel. 
Four grams of the prepared silica gel were mixed with 
5.5 ml of .5N sulfuric acid in a mortar. The resulting 
free flowing powder was slurried into 80-100 ml of chloro-
form and added to the chromatographic tube in successive 
portions. Caro was undertake n not to allow the solvent 
level to fall below the top of the column. This procedure 
gave a uniform packed column 20 em long. 
The mixture of organic acid fraction was dissolved in 
.5 ml of .5N sulfuric acid and mixed thoroughly with 1 gm 
of dry silica gel . The resulting free flowing powder was 
transferred quantitatively to the top of the column by the 
aid of short stem wide mouth funnel which, along with the 
container, was rinsed with 5-10 ml of chloroform. The 
excess chloroform was allowed to drain through the column, 
and a glass wool plug was pressed down gently on the 
surface of the sample. This plug served to remove down 
particles of silica gel adhering to the tube and also 
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prevented disturbance of the column during addition of the 
eluting solvents. The chloroform-butanol solvents were 
placed into stoppered wide mouth jars with glass fittings 
to allow the mixture of the two solvents, after being 
stirred by using magnetic stirrer, to drip onto the top of 
the column. 
An automatic fraction collector, model 321, was 
adjusted to 400 drops (80 drops / ml) and the individual 
fractions were collected in test tubes and then titrated 
with the standard sodium hydroxide solution. A full 
description of the automatic fraction collector is avail-
able in the Packard manual (1962) . 
Pure crystallized samples of organic acids served as 
standards using the same procedure above. The silica gel 
without the sample was used in order to determine the 
location of the sulfuric acid peak. 
The organic acid fraction was separated into two 
replicates where statistical analyses were made (Snedecor, 
1962). 
Determination of sugars 
Paper partition chromatography was adopted for the 
determination and separation of individual sugars in the 
sugar fraction prepared before. 
The method was conducted by using the solvent system 
(n-butanol:acetic acid :water, 4:1 : 5, organic phase) as 
' 
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described by Borenfreund and Dische (1957). Aniline-
diphenylamine color reagent was prepared by mixing 10 
volumes of l per cent aniline-diphenylamine in acetone and 
one volume of 85 per cent phosphoric acid (Smith, 1960). 
The paper chromatograms were developed for 16 hours 
using the descending technique, sprayed with the color 
reagent, and heated in an oven at 212-222°F for 2-3 minutes. 
The individual sugar spots, sucrose, glucose, and 
fructose were brown, blue, and red with 'RF' values of 
.052, .105, and .175 respectively. 
Quantitative analyses of the sugars were carried out 
by the color density of the sugar-phenol-H2so4 reaction as 
described by Dubois et al. (1956). The individual sugar 
fractions were obtained by eluting the spots cut off from 
the paper strips (2 inches wide and 12 inches long) with 
5 ml of distilled water for 30 minutes. The solutions were 
filtered through glass wool, and the filtrate was placed 
into pyrex test tubes. Blank samples were prepared by cut-
ting from the chromatogram segments of paper which held no 
sugars. 
Aqueous phenol (l ml of 5 per cent chromatographic 
reagent) and H2so4 (5 ml of 36N) were added to the test 
tubes, mixed, stoppered lightly, and then allowed to cool 
for 30 minutes. The absorbance of the yellowish orange 
solution was determined at 490 mu on a Backman B spectro-
photometer. The optical density was plotted against 
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standard curves prepared for each sugar studied. The sugar 
fraction was separated into two replicates where statisti -
cal analyses were made (Snedecor, 1962). 
Determination of naringenin 
The main criticism to the inhibitor theory concerning 
rest is its dependence on the common bioassay test for 
determination of the levels of certain inhibitor(s) 
(Thimann, 1963; Smith and Kefford , 1964). 
The determination of naringenin, the growth inhibitor 
of interest in this study, was dependent on the common bio-
assay test as reported by many workers (Hendershott and 
Walker, 1959b; Dennis and Edgerton, 1961; Philips, 1961; 
Corgan, 1965). 
Geissman and Hinreiner (1952) summarized naringenin 
structure (4,5,7-trihydroxy flavanone), c hemical proper-
ties, and biogenesis. Its formation, inactivation, 
occurrence in plants, and role in plant metabolism were 
reported by Scarborough and Bacharach (1949, p. 37). They 
stated, 
It i s unfortunate that t he uncertainty of c hemical 
methods for the determination of flavanones and 
similar compounds in biologica l material has so far 
precluded any precise study. 
Efforts were undertaken to study a simple chemical 
means for its determination. The approach was based on 
the reduction of ketones by sodium borohydride as outlined 
by Chaikin and Brown (1949). Horowitz (1957) tested many 
flavanoids with sodium borohydride (NaBH4 ) as a reducing 
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agent and HCl for acidification and color development. He 
reported that only the flavanones group reacted and pro-
duced colors varied from red to violet. Potassium bora-
hydride (KBH4 ), a product of Metal Hydrides Co., Beverly, 
Massachusetts, reacts in the same manner as NaBH4 , but is 
nonhygroscopic, and therefore is easier to handle. 
In this method, the reduction process was performed 
by placing a 5 ml naringenin aliquot in a test tube (20 x 
150 mm) containing 50 mg of KBH4. After the KBH4 was dis-
solved, 5 ml of 0,5N acetic acid was added using a 5 ml 
syringe (to control the reduction process in a stepwise 
manner without the generation of a large amount of heat). 
The formation of a purple color of the reduced naringenin 
was obtained by the addition of 5 ml of an acid reagent 
(5 ml HCl:lOO ml glacial acetic acid), The test tubes, 
then, were placed in a 25± 0.5°C water bath for color 
development. The color was read after 30 minutes against 
a reagent blank consisting of 1 ml of the reduced material 
plus 5 ml of glacial acetic acid (without the HCl). 
The absorbance maximum for naringenin was between 530 
and 540 mu. The standard curve as well as the entire 
analysis was run at the 540 mu wavelength . (Figure 2), 
The color reaction developed does not follow the 
Beer-Lambert Law using large concentrations of naringenin, 
It does, however, have a linear function with the concen-
tration range from 5-25 ug/ ml (Figure 3 and Table 5). 
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The reproducibility of results is shown in Table 5, 
where five replicates were made using 5-50 ug/ml concen-
tration range. 
The stability of naringenin in an alkali solvent 
(.OSN NaOH) was studied using a concentration range of 
5-25 ug/ml. Table 6 shows similar results were obtained 
when the compound was left in .OSN NaOH for a period of 
three hours. 
' The effect of temperature and the time required for 
maximum color development were also studied (Figures 4 and 
5). The compound seems to be quite stable at the lowest 
temperature used (5°C) and at 25°C. Destruction of the 
compound, on the other hand, was obtained after 15 minutes 
at 45°C (Figure 4). 
In using this method for detecting naringenin in 
peach flower buds, one gram of fresh buds with bud scales 
attached was weighed and put in a stainless steel Waring 
blender cup where 20 ml of .OSN NaOH was added and blended 
for three times. The extract was centrifuged three times 
at 4000 r.p.m. for 10 minutes in a refrigerated centrifuge 
at 5°C using a 20 ml portion of O.OSN NaOH solvent each 
time. The three alkali extracts were combined in a 100 ml 
volumetric flask and taken to volume with .05N NaOH. 
After a 1:5 dilution with distilled water (ratio may 
be modified for desired standard curve), the reduction of 
naringenin was undertaken as discussed before. 
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Table 5. The effect of naringenin concentration on optical 
density of replicated samples . 
Naringenin ReQlications 
Goncentration l 2 3 4 5 Ave. 
5 pg/ml .078 . 080 .078 .078 .080 . 079 
10 pg/ml .150 . 150 .150 . 150 . 150 .150 
15 pg/ml .230 .234 .230 .230 .232 .231 
20 ug/ml .300 .300 .302 .305 .302 .302 
25 pg/ml . 380 . 390 . 398 .380 .380 . 386 
50 pg/ml .482 .498 .500 . 510 .495 .497 
Table 6. The effect of time on the color stability of 
1 naringenin in .05N sodium hydroxide. 
Naringenin Minutes after color formed 
concentration 30 60 90 120 150 180 
(Optical Density) 
5 ).lg/ml . 078 . 078 .075 . 075 . 078 .078 
10 ug/ml .150 .150 .150 .150 .150 .150 
15 pg/ml .230 .230 .230 .230 .230 .230 
20 ug/ml .300 .300 .300 . 300 .300 .300 
25 ,ug/ml . 380 .380 .380 .380 .380 .380 
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Finally, 1 ml of the solution (equivalent to .OOlg 
fresh plant material) was placed into a pyrex test tube 
containing 5 ml of the acid reagent (5 ml HCl:lOO ml 
glacial acetic acid). Color development and measurements 
were carried as reported earlier and the concentration of 
naringenin in plant extract was obtained by measuring the 
optical density at 540 mu and comparing with a standard 
curve. In all instances, a Beckman B spectrophotometer 
was used for optical density (OD) determinations. 
Statistical analyses were made using 3 replicates for 
each sampling date (Snedecor, 1962). All data are pre-
sented on an individual bud and on a gram fresh weight 
basis. 
Another method for determining naringenin is based on 
its fluorescence properties. Hagen et al . (1965) used an 
expensive spectrofluorometer for their assay. 
RESULTS 
Results of a comparative study of physiological and 
biochemical changes of peach and apricot trees during their 
rest period are presented. An evaluation of the green-
house experiments is presented. Seasonal fluctuations of 
naringenin, sugars, organic acids, and amino acids are 
also presented. 
Greenhouse Study 
The rest period was completed in both peach and apri-
cot trees after the trees were exposed to a cold tempera-
ture of 45°F for a period of two months (1440 hours) . The 
percentage visible bud growth, one week after the trees 
were transferred from the cold storage (45°F) to the green-
house, was 80.4 and 67.8 in peach and apricot trees respec-
tively (Table 7). All of the buds which started growing 
were vegetative since one year old trees were used (Figures 
6 and 7). 
Continuous illumination for 25 days (600 hours) also 
broke the rest period of peach and apricot trees. Percent-
age visible vegetative bud growth was 72.4 and 66.6 in 
peach and apricot trees respectively (Table 7 and Figures 
8 and 9). However, it is not known if the effect of con-
tinuous illumination upon rest was due to the long 
Ta ble 7 . The effect of l i gh t, co l d te mperature, and Gi b berellic Acid on t h e growth 
o f dorma nt peach a nd apricot t r ees. 
Total own ber of bud 
Numberb of visible buds Percentage visible bud 
Treatment3 in each treatment 
growing after termination growth after termination 
nwnber of experiment of experiment 
Peach Apricot Peach Apricot Peach Apricot 
I. Cold 276 168 222 114 80. 4c 67. 8c 
2. Light 290 186 210 124 72. 4c 66. 6c 
3. GA 284 184 64 71 22. 5 38.7 
4. Cold + GA 3 12 198 164 68 52. 6c 34.3 
5. GA +Light 216 228 176 164 81. 4c 71. 8c 
6. Cycle 268 188 16 64 5. 97 34.0 
7. Red light 282 184 40 49 14.2 26.6 
B. Far-red light 252 176 . 39 34 15.5 19. 3 
9. Control 294 184 20 0 6. 8 0 
a Each treatment cons1sts of four s1m 1lar peach and apncot trees. 
hsee Methods section for starting and termination date of each treatment. 
cTreatment effect ive i n breaking the rest period . 
Total growth length 
Total growth length per individual bud 
em Rem arks 
Peach Apricot Peach Apricot 
--
-- -- --
See Figures 6 & 7 
189 939 .90 7. 57 See Figures 8 & 9 
265 366 4. 14 5.16 See Figures 10 & ul 
--
-- -- --
See Figures 12 C 13 
853 1145 4 . 85 6. 98 See Figme s 14 f; 15 
' 92 349 5. 72 5.46 See Figures 16 C 17 1 
144 302 3. 60 6.17 See Figures 18 & 19 
156 256 4. 00 7. 52 See Figures 20 & 21 
42 0 2.10 0 jsee Figures 20 & 21 
Figure 6 . Peach tree at left 
received 1440 hours of cold 
at 45°F, then was transferred 
to the greenhouse for a period 
of one week where photographed 
February 2, 1965. Tree at 
right was held continuously in 
the greenhouse where tempera-
ture was 70°F at daytime and 
60°F at night. 
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Figure 7. Apricot tree at 
left received 1440 hours 
of cold at 45°F, then was 
transferred to the green-
house and held for one 
week before photograph 
was taken February 2, 
1965. Tree at right was 
held continuously in the 
greenhouse where tempera-
ture was 70°F at daytime 
and 60°F at night. 
1: 
I! 
photoperiod or to an increase in temperature since the 
temperature inside the light chamber was l2°F more than 
the rest of the greenhouse. 
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Gibberellic acid alone at a concentration of 2000 ppm 
was not as effective as cold or light in breaking the rest 
period of peach or apricot trees. Many buds of both peach 
and apricot trees did start growing although not as well 
as with the other two treatments mentioned. Only 22.5 and 
38.7 per cent of the peach and apricot buds started grow-
ing (Table 7, Figures 10 and 1!). Donoho and Walker (1957) 
reported that treatment with GA at a concentration of 4000 
and 1000 ppm induced 98 and 85 per ce~t of peach buds which 
had not received sufficient cold (a maximum of 164 hours 
below 45°F). Donoho and Walker's trees had received some 
~ 
cold treatment and GA was applied in late February and 
early March in comparison to GA application in November 
and December in this study. These factors may account for 
the difference in results. 
According to Smith and Rappaport (1961), Frankland and 
Wareing (1962), and Eagles and Wareing (1963), cold tempera-
ture induces and enhances the level of gibberellin-like 
substances in dormant organs. 
With peach and apricot trees which received 720 hours 
of cold and a 2000 ppm GA, the percentage visible bud 
growth of the peach trees was more than when 2000 ppm GA 
, was applied without the cold treatment (Table 7, Figures 
. 
Figure 10. Peach tree at 
left received 2000 p.p.m. 
Gibberellic acid applied 
to all the buds on 
November 14, 1964, and 
December 9, 1964. Tree 
at right was held con-
tinuously in the green-
house where the tempera-
ture was 70°F at daytime 
and 60°F at night. 
(Photographed .December 25, 
1964,) 
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Figure 11. Apricot tree at 
left was held continuously 
in the greenhouse where the 
temperature was 70°F at day-
time and 60°F at night. 
Tree at right received 2000 
p.p.m . Gibberellic acid ap-
plied to all the buds on 
November 14, 1964, and 
December 9, 1964. 
(Photographed December 25, 
1964.) 
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12 and 13) . The apricot trees, on the other hand, did not 
grow better with cold an<d GA than they did with just the GA. 
Trees r ece iving both continuous light and incr~ ased 
temperature and 2000 ppm GA application grew about the same 
as those receiving just the light and temperature treat-
ment. Hence, there was not an additional GA effect. 
Rest was not conside red broken in the other treat-
ments studied although s o me growth did occur on most of the 
trees. The growth that did occur on these trees was 
longer than on trees considered out of rest. In case of 
peach trees, for example, the total growth per individual 
bud was 4,00 em. with trees receiving the far-red light 
(treatment #8) while it was only 0.90 em. for trees re-
ceiving the continuous incandescent light (treatment #2, 
Table 7). Similar observations were obtained in other 
treatments where the rest was not considered broken 
(Figures 16-21 and Table 7). 
The untreated control peach trees did not grow except 
in some cases when the terminal bud showed visible growth 
while no visible bud growth was observed in case of apri-
cot trees (Figures 20 and 21). 
Growth comparisons of some treatments are presented 
in Table 7a, Figures 22 and 23, In light treatment #2 
where continuous illumination was provided, apricot trees 
started growing 11 days after treatment while with peach 
trees, in spite of showing visible bud growth, the total 
growth was negligible. Similar observations were obtained 
Figure 12. Peach tree at 
l ef t receized 720 hours of 
cold at 45 F. It was then 
transferred to the green-
house where 2000 p,p,m , 
Gibbe r e llic acid was ap-
plied, Tree at right was 
h e ld continuously in the 
greenhouse wher5 the tem-
perature was 70 F at day-
time and 60°F at night. 
(Photographed February 2, 
1965.) 
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Figure 13. Apricot t ree at 
l eft was held continuously 
in the greenhouse whe r e the 
temperature was 70°F at day-
time and 60°F at night. 
Tree at right r eceize d 720 
hours of cold at 45 F. It 
was then transferre d to 
the greenhouse whe r e 2000 
p.p.m. of Gibbere llic acid 
was applied. 
(Photographed Fe bruary 2, 
1965.) 
Figure 14. Peach tree at 
left was held continuously 
in the greenhouse where the 
temperature was 70°F at 
daytime and G0°F at night. 
Tree at right received 2000 
p.p.m. Gibberellic acid on 
November 14, 19G4. It was 
then transferred to the 
light chamber on December 1, 
19G4, where 25 days of con-
tinuous illumination from 
incandescent light source 
was provided at an average of 
300, 233, and 200 f.c. at 
pot-level, mid-level, and 
top-level of the plant 
r espectively. The tempera-
ture inside the chamber was 
82°F. 
(Photographed December 25, 
19G4.) 
70 
Figure 15. Apricot tree at 
left was held continuously 
in the greenhouse ~he re the 
temperature was 70 F at day-
time and G0°F at night. 
Tree at right rece ived 2000 
p.p.m. Gibberellic acid on 
November 14, 19G4. It was 
then transferred to the 
light chamber on December 1, 
19G4 , where 25 days of con-
tinuous illumination from 
incandescent light source 
was provided at an average 
of 300, 233, and 200 f.c. 
at pot-level, mid-level, 
and top-level of the plant 
r espectively. The t e mpera-
ture inside the chamber was 
82°F . 
(Photographed December 25, 
19G4.) 
Figure 16 . Peach tree at 
left was held continuously 
in the greenhouse wher8 
the temperature w~s 70 F 
at daytime and 60 F at 
night. Tree at right re-
ceived 168 hogrs (one week) 
of cold at 45 F. It was 
then transferred to the 
light chamber where continuous 
illumination was provided for 
the following week. Repeti-
tion of this cycle was made 
twice at weekly intervals. 
(Photographed on December 
25, 1964.) 
• 
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Figure 17. Apricot tree 
at left was held continu-
ously in the greenhouse 
wh0re the temperature ~as 70 F at daytime and 60 F 
at night. Tree at right 
received 168 hours 6one 
week) of cold at 45 F. It 
was then transferred to 
the light chamber where 
continuous illumination 
was provided for the fol-
lowing week. Repetition 
of this cycle was made 
twice at weekly inter-
vals . 
(Photographed on December 
25, 1964.) 
Figure 18. Peach tree at 
left was held continuously 
~~et~:mg~~:~e~~s:~:h;~5F 
at daytime and 60 F at 
night. Tree at right re-
ceived 25 days of a daily 
10-minute exposure of red 
light provided after dark. 
(Photographed December 25, 
1964.) 
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Figure 19. Apricot tree 
at left was held continu-
ously in the greenhouse 
where the temperature was 
70°F at daytime and 60°F 
at night. Tree at right 
received 25 days of a 
daily 10-minute exposure 
of red light provided 
after dark. 
(Photographed December 
25, 1964.) 
Figure 20. Peach tree at 
left was held continuously 
in the greenhouse wherg 
the temperature was 70 F 
at daytime and G0°F at 
night. Tree at right 
received 25 days of a 
daily 10-minute exposure 
of far-red light provided 
after dark. 
(Photographed December 25, 
19G4.) 
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Figure 21. Apricot tree 
at left was held continu-
ously in the greenhouse 
where the temperature was 
70°F at daytime and G0°F 
at night. Tree at right 
received 25 days of a 
daily 10-minute exposure 
of far-red light provided 
after· dark. 
(Photographed December 
25, 19G4.) 
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with trees treated with GA (treatment #3) where 2000 ppm 
was applied to the individual buds, Moreover, total growth 
length in peach trees was greater in trees treated with GA 
than those receiving the incandescent light treatment, 
while in case of apricot trees, there was more growth on 
trees receiving light than those receiving GA treatment 
(Figure 22) . 
Growth was greater in peach trees when both GA and 
light were provided (treatment #5) than when incandescent 
light alone was supplied (treatment #2). The ratio of 
total growth length after 25 days from treatment #5 and #2 
was determined. It was 853:189 in peach trees while the 
ratio was 1145:939 in apricot trees . These results may 
indicate that GA has a role in promoting growth and over-
coming any inhibiting factors which may be present in 
peach and not in apricot trees (Figure 23 and Table 7a). 
Organ Culture Study 
The primary objective of this study was to investigate 
the localization of the rest influence in peach and apri-
cot trees. Visible bud growth, however, was not apparent 
from peach or apricot buds , whether flower or vegetative, 
with or without bud scales, even after soaking the buds in 
2000 ppm GA . 
No one has been able to grow whole buds successfully 
even with the addition of all known growth factors to the 
culture media (Wetmore, 1965) . Steward et al. (1964), 
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Table 7a. The effect of light , cold temperature, a nd Gibberellic Acid on the 
growth of dormant peach and apricot trees. 
Treatment #2a (Light) Treatment #3 3 Treatment #5 3 (GA + L) 
Date of measwement Number of visible Total growth length Number of visible Total growth length Nmn ber of visible Total growth length 
bud growth in em bud growth in em bud growth in em 
Peach Apricot Peach Apricot Peach Apricot Peach Apricot Peach Apricot Peach Apricot 
12 / 11 / 1964 146 94 0 455 3 12 0 42 61 80 9 150 
12/18/ 1964 178 114 79 873 36 66 188 263 102 82 726 939 
12/25/1964 210 124 189 939 64 71 265 366 176 164 853 1145 
Treatment #7 (Red Li~ht) Treatment #8 Far Red Li•ht) Treatment #9 'Control) 
Date of measurement Nwnber of visible Total growth length Number of visible Total growth length Nmnber of visible Total growth length 
bud growth in em bud growth in em bud growth in em 
Peach Aoricot Peach Aoricot Peach Aoricot Peach Aoricot Peach Aoricot Pe ach Aoricot 
12/11/1964 34 8 3 4 2 7 0 10 0 0 0 0 
12/18/ 1964 36 41 28 112 12 9 60 98 17 0 25 0 
12 / 25 / 1964 40 49 72 156 39 34 78 128 20 0 42 0 
3 See Figures 22 and 23 for growth comparisons . 
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howe ver, we re successful in obtaining a whole plant from a 
single cell using the secondary phloem of carrot tissue. 
Biochemical Study 
The results of a comparative study of some biochemi-
cal changes in Elberta peach and Chinese apricot flower 
buds during and after termination of the rest perio d a re 
presented . Comparisons were made of naringenin, sugars , 
organic acids and amino acids. Mean values of ~he analyses 
are presented on a gram fresh weight basis and a~ individu-
al bud basis (with the exception of amino acid samples 
whe re no replicates were made). Analyzing the data by the 
two methods may be important because the number of buds in 
one gram of a given sample varies from one sampling data 
to another according to the stage of growth (Figure 24). 
Early in the season there were 264 peach and 227 apricot 
flower buds per gram fresh weight. As the season advanced 
in the spring, the number of buds per gram decreased to 37 
and 21 per gram for peach and apricot buds just before 
bloom. 
Thus, the increase in weight of the individual buds in 
the spring may be a result of translocation of organic 
materials, nutrients , and water from the tree to the buds 
and as a result there may be an increase in concentration 
of some compounds and a dilution or decrease of other com-
pounds within the bud itself . The seasonal variation of 
300 
. 
~ 
z 
35 fiO 97 163 559 
I 
Accwnul ated bow-s of chilling under 45°F 
877 1194 1472 1784 2120 2450 2756 
I 
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I 
3189 3483 
Peach []- · -··- [J 
Apricot 0-·- ·-0 
Temperature 0----0 
Figure 24 . Seasonal fluctuations in number of Elberta peach and Chinese 
apricot flower buds (1964-1965), 
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the organic compounds are a l so presented on an individual 
bud and on a gram fresh weight bas1s (Figures are presente d 
in the Appendix) . 
Se asonal comparison of naringe nin content 
Quantitative determinations of naringenin are pre-
sented in Table 8 and in Figures 25 and 25a for Elberta 
peach flower buds . In Chinese apricot flower buds there 
was no indication of the presence of this coleoptile 
growth inhibiting substance throughout the season. 
The quantity of naringenin per individual flower bud 
was significantly different (at the one per cent level) 
throughout the season. During the winter there were two 
peaks ; the first one occurred before the rest period was 
completed, and the second one was shortly after rest when 
the trees were still dormant . The quantity of naringenin 
then decreased as the season advanced in the spring, reach-
ing a minimum value prior to bloom (Table 8 and Figure 25). 
Table 8 and Figure 25a base d on a per gram basis show the 
level of naringenin was at its peak in late summer and de-
creased gradually (rhythm pattern) as the season advanced 
and reached its minimum value just prior to bloom. In 
general, there was a significant (at the one per cent level) 
progressive decrease in naringenin content. 
The effect of temperature on naringenin content was 
determined. In general , the quantity of naringenin was 
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Table 8 . The seasonal f luctua tion of naringe nin i n 
Elberta pe a c h fl owe r bud s (1964-1965 ) . 
Nar1nge n1n conte nt Mean day t e mpe rature 
Sampling ;.•m / bud mg . /gm at dat e of 
dat e fre sh wt . collection (FO) 
a / ~I 
8 / 6 / 1964 .062 7 . 326 75 
8 / 20/ 1964 . 060 5 . 599 53 
8 / 29 / 1964 . 075 4 . 982 52 
9 / 7/ 1964 . 082 5 . 000 70 
9 / 21 / 1964 . 070 3 . 91 3 65 
10/ 5 / 1964 . 055 2 . 170 60 
10/ 16/ 1964 . 101 3 . 990 54 
10/ 30/ 1964 . 112 2.866 45 
11 / 6 / 1964 . 130 3 .493 45 
11 / 14/ 1964 .173 4 .203 30 
11 / 27/ 1964 . 120 3 , 080 30 
12 / 1 / 1964 .082 2 . 080 43 
12 / 11 / 1964 . 069 1 . 993 23 
12 / 25 / 1964 . 111 3 . 163 38 
1 / 1/ 1965 . 182 3 . 796 24 
1 / 8 / 1965 . 104 2 . 593 22 
1/ 15/ 1965 . 079 1.686 21 
1 / 22 / 1965 . 075 1 . 257 21 
l/29 / 1965 .113 2 . 120 40 
2 / 5/ 1965 . 082 1 . 257 39 
2 / 19/ 1965 .057 1 . 006 38 
2 / 26/ 1965 . 068 1 . 027 43 
3 / 5/ 1965 . 065 1.006 38 
3 / 12 / 1965 . 109 2.142 36 
3 / 18/ 1965 . 058 0 . 633 19 
3 / 26 / 1965 . 065 0 . 617 36 
4/ 9 / 1965 . 022 0 . 063 39 
L . S . D . . 05 . 006 0 . 229 
. 01 .008 0 . 328 
Mean value of three samples 
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conversely related to temperature. The two peaks observed 
during the winter were associated with relatively low tem-
peratures, and as the temperature raised again in the 
spring the quantity of naringenin decreased to a minimum 
prior to bloom. 
In spite of this, a poor correlation coefficient of 
- . 13, , 20 and - . 32 during the entire season, rest , and 
dormancy respectively were obtained. 
Seasonal comparison of sugars 
Quantitative determinations of total sugars (glucose 
+ fructose + sucrose) for peach and apricot flower buds 
are presented in Figure 26 on an individual bud basis, 
Fig~re 26a on a gram fresh weight basis, and in Tables 9 
and 10. In peach buds , the quantity of total sugar in-
creased just after the termination of the rest period, when 
the buds had received 1784 hours of chilling, and then it 
increased again just before bloom. This was particularly 
true when the · data were expressed on an individual bud 
basis . Similar observations were noticed with Chinese 
apricot flower buds, In both cases there was significant 
difference (at the one per cent level) throughout the 
season (Tables 9 and 10). 
Quantitative determinations of the individual sugars, 
glucose, fructose and sucrose are presented in Figures 27 , 
27a and Table 9 for peaches; Figures 28, 28a , and Table 10 
for apricot flower buds, In peach buds the quantities of 
8 3 
Table 9. The seasonal fluctuation of sugars in Elbe r t a 
peach flower buds. 
a a a a 
Sampling Sucrose Glucose Fructose Total s ugars 
!late 11Jii7bu0 mg7 gm Aim7oua mg7 gm ijlillbud mg7 gm u rn/ bud mg/ gm 
9 / 7/ 1964 . 02 2.22 .19 8 . 82 . 38 18.32 . 59 29 .36 
9/21 . 03 2 . 30 .25 9.37 .45 16 . 50 . 73 28 . 17 
10/ 5 . 06 3 . 00 .47 12 . 72 .37 10 . 00 . 89 25.72 
10/ 16 .06 2.95 .56 13 . 45 .55 13.15 1.17 29 . 55 
10/ 30 . 03 1.15 .08 1.65 .37 7.30 .49 10.10 
11/ 14 . 09 2 . 87 . 78 13 . 20 .41 6.90 1.28 22.97 
11/ 27 . 01 . 25 .17 3.00 .69 11.85 .87 15.10 
12 / 11 . 00 .08 .60 9.95 . 79 13.10 1.39 23.13 
12/25 . 11 4 . 20 .70 18.55 .55 10 . 70 1.36 33.45 
1 / 8 / 1965 . 25 8.20 l. 59 27 . 22 . 88 15.10 2 . 72 50 . 52 
1/22 . 14 4 .65 l. 50 18 . 50 1.00 12.35 2.64 35 . 50 
2 / 5 . 23 5 . 10 .37 4.35 . 74 8.75 1.34 18 . 20 
2 / 19 . 20 4.50 1.29 15.62 . 94 11.45 2.43 31.57 
3 / 12 . 26 6 •. 85 l. 77 24.27 1.23 16. 5 3 . 26 47.97 
3 / 26 .58 7.35 3 . 19 21.30 2.44 16 . 30 6.21 44.95 
4 / 9 / 1965 1.47 5 . 55 2 . 98 5.92 6 . 90 13.70 11.35 25 . 17 
L,S.D.05 .05 1.38 . 35 5.50 .44 2.44 .37 5.52 
.01 . 08 2.04 .52 8.17 . 66 3 .62 .55 8.20 
a Mean value of two samples 
4 
Table 10 . The seasonal flu c tuac1on of sugars 1n Chinese 
apricot flower buds ( 1964- 1965 ) . 
a a a a ~ampl1ng Sucrose Glucose Fructose Total sugar s 
date uln bud mg gm utn; ua mg; gm uin/bud mg/ gm L'm/ bud mg / gm 
~/7/1964 .05 4,00 .32 13 . 05 . 26 10.45 .62 27.50 
9 / 21 . 08 5 . 15 .47 15 .3 0 .32 10.49 .88 30 . 94 
10/ 5 .09 4.55 .52 13 . 70 . 33 8.60 .94 26.85 
10/ 16 .09 3.65 .73 15.10 . 56 11.70 1.3 30.45 
10/ 30 .15 4.50 1.14 18.20 . 81 12.85 2.10 35.55 
11/ 14 .16 4.00 1.18 15 . 20 . 85 11 . 00 2.19 30.20 
11/ 27 .29 7.85 1. 51 21 . 00 1.46 20. 30 3.26 49.15 
12 / 11 . 37 10 . 00 1.36 19.00 0 . 91 12.70 2 . 64 41.70 
12 / 25 .24 7.40 1. 40 22 . 60 .84 13 . 50 2 . 48 43.50 
l / 8 / 1965 .41 10.00 2,29 28.95 1.32 l6\f70 4.02 55.65 
l / 22 . 22 4.85 1. 51 17.25 1.19 13 . 49 2.92 35.59 
2 / 5 .19 4.10 1. 02 11.50 l.l 13.25 2 . 39 28.85 
2 / 19 .30 4.85 2 . 18 18.15 1. 42 11.85 3.90 34.85 
3 / 12 .16 3.70 1.21 14.45 1.03 12 . 35 2.40 30.50 
3 / 26 .58 4.20 4.85 18 .3 5 3 . 09 11.70 8 . 52 34.25 
--
L.S.D.05 .12 2.50 1.17 N.S .34 3.30 .99 7.20 
.01 .18 3.72 l. 74 N.S .51 4.92 1.47 10.74 
a Mean value of two samples 
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all sugars were generally higher after the rest period was 
completed and the differences were significant (at the one 
per cent level). Fructose was the predominating sugar, 
especially before bloom. Similar observations were noticed 
in Chinese apricot flower buds except that glucose was the 
predominant sugar throughout the season and there was no 
significant difference in glucose content throughout the 
season, especially when the results were expressed on per 
gram basis (Table 10) . 
In both cases, a significant increase in simple sugars 
occurred after rest was completed. There was a very 
marked increase in total sugar just before bloom. Also, 
there were distinctive differences among glucose, fructose, 
and sucrose levels during rest and dormancy of Chinese 
apricot flower buds. In Elberta peach flower buds, on the 
other hand , there was interaction of glucose and fructose 
levels throughout the season. 
Seasonal comparison of organic acids 
Quantitative determinations of total acidity (pyruvic 
+ fumaric + succinic +malic +citric acids) for peach and 
apricot flower buds are presented in Tables 11, 12, and Fig-
ure 29 on an individual bud basis and Tables lla, 12a, and 
Figure 29a on a gram fresh weight basis. In peach buds, 
the total acidity remained relatively low throughout the 
season with the exception of a significant increase (at 
the one per cent level) in the first sample in early 
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Tab l e 11 . The seasona l fluctuation of organic acids in 
Elberta peach flower buds (1964-1965). 
~amp ling 
Alili/ 1na1V1~ual bud a 
!Fumaric 
Total 
date Pyruvic Succinic Malic Citric acidity 
~ /7/1964 . 11 . 03 . 03 . 11 0 . 00 . 28 
9 / 21 . 03 . 02 0 . 00 .03 0.00 . 08 
0 / 5 .01 . 01 . 01 . 02 0 . 00 .05 
0 / 16 . 02 . 00 . 01 . 04 . 01 . 08 
0 /30 .02 . 01 . 02 . 11 .01 . 16 
l / 14 .03 . 01 .02 .11 . 01 . 17 
l / 27 .02 . 01 . 02 .05 0 . 00 . 10 
2 / 11 . 13 . 03 . 05 .06 .01 . 28 
2 / 25 .05 .02 . 04 . 05 . 01 .17 
/ 8 / 1965 . 11 .03 . 04 . 04 .03 . 25 
/ 22 . 02 . 00 . 03 . 13 . 01 . 18 
~ /5 .03 .02 .04 .16 .02 . 26 
~ /19 . 02 . 01 . 01 . 06 0.00 .11 
p / 12 . 03 .01 . 01 . 03 . 01 . 08 
~ /26 .11 .02 . 04 .02 .03 .22 
L.S.D.05 . 01 N.S . N.S. .003 N.S. . 06 
. 01 .02 N.S. N.S. .005 N.S . .10 
a Mean value of two samples 
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Table lla. The seasonal fluctuation of organic acids in 
Elberta peach flower buds (1964-1965) . 
Sampling mg/ gm fresh wt. of buds a 
Qate TotaT 
Pyruvic Fumaric Succinic Malic Citric acidity 
9/7/ 1964 2 . 54 0 . 78 l. 02 3.87 0 . 10 8 .3 1 
9 / 21 0 . 45 0 . 48 0.10 0 .78 0 . 08 l. 89 
10/ 5 0 . 09 0 . 12 0.10 0 .49 0.08 0.86 
10/ 16 0.19 0 . 04 0 . 15 0 .64 0 . 23 1.25 
10/ 30 0 . 15 0.10 0 . 22 1.58 0.15 2 . 20 
ll / 14 0 . 27 0.13 0 . 15 1.30 0 . 12 1.97 
ll / 27 0 . 13 0.05 0 . 23 0 . 70 0.08 1.19 
12/ ll l. 03 0.31 0 . 52 0 . 77 0.26 2 . 89 
12 / 25 0 . 45 0 . 28 0 . 54 0 .68 0 . 15 2 . 10 
l / 8 / 1965 0 . 94 0.32 0 . 46 0 .52 0.59 2 . 83 
l / 22 0.10 0 . 03 0.24 1.17 0 .07 l. 61 
2 / 5 0.15 0.12 0.27 1.44 0.31 2.27 
2 / 19 0 . 14 0.11 0.06 0.57 0 . 03 0 . 91 
3 / 12 0 . 17 0.10 0.05 0 .32 0 . 12 0.76 
3 / 26 0 . 37 0 . 08 0 . 16 0.12 0.22 0.94 
L.S.D.05 .20 .06 .05 .25 .04 .14 
.01 .30 .09 .08 .3 7 .05 .21 
a Mean value of two samples 
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Table 12 . The seasonal fluctuations of organic acids in 
Chinese apricot flower buds (1964-1965) . 
AJil171nih v1auai 6ua a 
Sampling 
Malicfitric 
Total 
date_ Pyruvic Fumaric Succinic acidity 
--
9/7/ 1964 .02 . 01 0 . 00 . 03 0 . 00 .06 
9/21 . 01 . 02 . 01 . 04 0.00 .08 
10/5 .01 . 01 0 . 00 .01 0 . 00 . 03 
10/ 16 .02 . 01 . 01 .02 0.00 . 06 
10/3 0 . 02 . 01 . 02 . 01 .01 .07 
11 / 14 .04 .02 . 02 . 15 . 01 . 24 
11/2 7 . 02 . 01 . 04 .06 . 01 . 13 
12/11 .07 .01 .04 . 04 . 03 . 19 
12/25 . 07 .03 . 01 . 06 . 01 . 18 
1/8/1965 .07 . 05 . 07 . 04 .22 .44 
1/22 .04 .04 .03 . 03 . 15 .30 
2 /5 . 05 .05 . 03 .03 .05 .21 
2 / 19 . 10 .03 . 06 .03 .01 . 21 
3/12 .20 .08 .05 .08 . 03 .44 
3/26 1.10 . 77 .34 1.23 .44 3.93 
L,S,D . 05 .03 . 05 .01 .15 . 03 .07 
. 01 .04 . 07 . 02 .22 . 04 .10 
a Mean value of two samples 
I 
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Table l2a , The seasonal fluctuation of organic acids in 
Chinese apricot flower buds (1964-1965) . 
Sampling mg / gm fresh wt . of buds a 
date Total 
Pyruvic Fumaric Succinic Malic Citric Acidity 
9/7/1964 0 , 41 0.14 0 . 10 0 . 81 0 . 07 1.54 
9/21 0 . 12 0.48 0.13 0,95 0 . 05 l. 73 
10/5 0 . 07 0 . 11~ 0 . 04 0,25 0 . 08 0.56 
10/ 16 0 . 23 0 . 10 0 , 10 0.33 0 . 06 0.82 
10/ 30 0 , 17 0,10 0 , 22 0,17 0.12 0 , 77 
ll/14 0 , 27 0.14 0.17 1.47 0.14 2 . 19 
ll/27 0 , 15 0,06 0 , 32 0 , 57 0 , 08 1.18 
12/ll 0 , 50 0,08 0 , 33 0 , 44 0.39 l. 75 
12/25 0.56 0 , 30 0,12 0,70 0 , 24 1.90 
l/8/1965 0 , 41 0 , 37 0 , 58 0 , 41 2 . 91 4 . 69 
l/22 0,24 0.31 0 . 23 0 . 26 1.81 2.86 
2/ 5 0.28 0.34 0 , 19 0 . 27 0.63 1.72 
2/19 0 . 36 0.15 0,30 0,18 0 . 08 1.08 
3/12 1.13 0,62 0,40 0,70 0.43 3.28 
3/26 2 , 01 l. 87 0 . 85 3,66 l. 77 10.15 
L,S.D.05 ,07 ,15 .03 .39 .30 ,32 
,01 .ll .23 ,05 ,58 ,44 ,48 
a Mean value of two samples 
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September and just after the completion of rest. This was 
true especial l y when the results were expresse d on a gram 
fresh weight basis (Table lla and Figure 29a). In apricot 
buds, on the other hand, the total acidity remained r e la-
tively low except after the completion of rest and prior 
to bloom when a significant increase (at the one per cent 
level) was observed both on the individual and gram fresh 
weight basis. 
Quantitative determinations of the individual organic 
acids, pyruvic, fumaric, succinic, malic and citric for 
peach and apricot trees are presented in Figures 30 and 
30a, 31 and 3la, 32 and 32a, 33 and 33a, 34 and 34a on an 
individual bud and a gram fresh weight basis respectively. 
Also, Tables ll and lla for peach, and Tables 12 and l2a 
for apricot, show seasonal fluctuation of organic aCids in 
peach and apricot flower buds respectively. 
In peach buds, the significant increase in early Sep-
tember and after the completion of rest was mainly pyruvic 
(Figure 30a) and malic acids (Figure 33a). There was no 
significant difference in fumaric, succinic and citric 
acids, especially when the results were expressed on an 
individual bud basis (Table 11) . In apricot buds, the sig-
nificant increase observed prior to bloom was mainly 
pyruvic, fumaric, succinic, malic, and citric acids (Figure 
34a and Tables 12 and l2a) . 
Seasonal comparison of amino acids 
Quantitative determinations of total amino acids for 
peach and apricot flower buds are presented in Figure 35 
on an individual bud basis and Figure 35a on a gram fresh 
weight basis. 
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In peach buds the total amino acids remained low 
throughout the season with the exception that an increase 
occurred just two weeks before the termination of rest was 
observed. The highest concentration observed on a gram 
fresh weight basis was on the first sample collected in 
early September. In apricot buds, on the other hand, the 
total amino acid content was at its maximum concentration 
after rest and before bloom . 
Quantitative determinations of the individual amino 
acids, glutamic, lysine, histidine, ammonia, arginine, 
aspartic, threonine, serine, proline, glycine, alanine, 
valine, isoleucine, leucine, tyrosine, and phenylalanine 
are presented in Tables 13, 14, and Figures 36-51 on an 
individual bud basis and Tables 13a, l4a, and Figures 36a-
5la on a gram fresh weight basis respectively. The levels 
of naringenin in peach buds and the temperature fluctuation 
during the season are presented together with the individual 
amino acids on the same graph. 
In early fall as noticed from the first sample col-
lected in early September, the increase in concentrations 
of amino acids was mainly glutamic, serine, proline, alanine 
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and phenylalanine in Elberta peach flower buds. Ammonia 
also showed an increase in the same sample, especially 
when results were expressed on a gram fresh weight basis. 
During October and November, with the exception of 
glutamic acid and proline, all amino acids studied were at 
very low concentrations in both peach and apricot flower 
buds. 
During December and January, just prior or after the 
completion of the rest period, it was observed that an 
increase in ammonia, aspartic acid, serine, proline, gly-
cine, alanine, valine, isoleucine, leucine, tyrosine and 
phenylalanine occurred in peach flower buds. In apricot 
buds, in addition to these acids, glutamic acid, and 
threonine showed also a relative increase during the same 
period while valine was at a relatively low concentration. 
Prior to bloom, during March, all amino acids studied 
were at a relatively high concentration in Chinese apricot 
flower buds, while only proline and ammonia showed a rela-
tive increase in Elberta peach flower buds. 
Table 13. The seasonal fluctuation of amino acids in Elbe rta pe ach flower buds 
(1964-1965) 
Sampling Am/ individual bud 
date Glutamic Lysine Histidine Ammonia Arginine Aspartic Thronine 
9 / 7/ 1964 . 012 . 001 . 001 . 042 .003 .001 . 001 
9 / 21 .003 . 001 . 000 . 009 . 001 .001 . 001 
10/5 . 003 .001 . 002 .003 . 001 . 001 .001 
10/ 16 .004 .001 . 000 . 005 . 002 . 003 . 003 
10/ 30 . 012 . 000 .000 . 006 . 000 . 002 . 002 
ll/14 . 012 .001 . 000 . 013 . 000 . 002 .002 
ll/27 .006 . 001 . 000 . 006 . 000 . 002 .002 
12 / ll . 007 .000 .000 . 011 . 000 . 003 . 003 
12 / 25 . 005 . 000 . 000 . 017 .000 . 002 . 002 
l/8/1965 .005 .000 . 001 . 021 . 000 . 010 . 010 
l/22 . 014 .004 . 002 . 004 .000 . 002 . 002 
2 / 5 . 018 . 001 . 000 . 005 . 000 . 009 .009 
2/19 . 000 .002 .001 . 009 . 001 . 001 .001 
3/12 
-- -- -- -- -- -- --
3 / 26 . 008 . 000 . 000 . 049 . 000 .010 . 010 
::;erine 
. 008 
. 001 
. 001 
. 004 
,002 
. 003. 
. 002 
. 003 
. 003 
. 029 
. 002 
. 004 
. 002 
--
, 005 
Table 13. (Continued) 
Sampling Am; J.naivJ.aua .E_U~ date Pro ine Glycine Alanine a ine Isoleucine Le u c ine Tyros1ne ~enJ':lc~.lanine 
9 / 7/1964 .017 . 006 . 007 .003 . 002 .003 . 002 . 005 
9 / 21 . 000 . 000 . 000 . 000 .001 . 001 . 002 . 003 
10/ 5 .001 .001 . 001 . 000 . 000 . 000 . 001 . 000 
10/ 16 . 004 . 005 . 002 . 001 . 001 . 002 . 000 . 000 
10/ 30 .005 . 003 .002 . 001 . 001 . 002 . 001 . 001 
ll / 14 .001 . 004 . 003 . 001 . 001 .004 . 002 . 001 
ll/27 .008 .004 .001 . 001 .001 . 001 . 001 . 001 
12 / ll . 041 .010 .049 . 008 . 005 . 009 . 003 . 004 
12 / 25 . 037 . 008 . 003 . 004 . 004 .006 .002 .004 
l/8/ 1965 . 025 .006 . 031 . 003 .005 . 005 . 003 . 004 
l/22 .013 . 002 . 004 . 000 . 000 . 000 . 000 . 000 
2 / 5 .016 . 007 . 005 .003 .002 . 004 . 001 . 003 
2/19 . 002 .001 .001 . 001 .002 .004 .002 . 002 
3 / 12 
-- -- -- -- -- -- -- --
3/26 .028 .007 . 002 . 001 . 000 .001 . 001 . 004 
Table l3a . The seasonal 
(1964-1965) 
fluctuation of amino acids in Elberta peach flower buds 
-s-ampling Pg/ gm resh we~ght or uas date Glutam~c Lys~ne IHistid~ne Ammonia 1\rg~nine 1\spart~c Threon~ne :ser~ne 
9 / 7 / 1964 472.3 29.2 23.3 190 .6 153.3 20.6 83.3 221 . 7 
9 / 21 95.6 24.4 9.5 31.1 17.6 18.0 8.5 15.2 
10/ 5 59.6 12.6 38.8 6.6 15.7 17. 3 10 . 5 15.5 
10/ 16 78.0 19 .7 6.2 11.9 35.7 53 . 5 21.5 47 . 2 
10/ 30 192.7 5.6 3.1 10 . 0 4.4 34.9 14.9 21.7 
11/ 14 158 .9 11 .0 2 .3 20.1 9.6 28 .0 12 . 7 28.5 
11/ 27 85.3 13.2 3.9 9.0 0.9 18.6 8.8 22.5 
12 / 11 94.9 3.1 3 . 3 17 . 2 4 . 4 41.3 69.9 25 .2 
12 / 25 82.4 4 . 4 3 . 9 31.4 12.2 34 . 3 34.8 30.8 
l / 8 / 1965 63.3 4.4 10 .9 34.2 5.2 133 .1 38.6 275.3 
l / 22 142 .o 42 . 4 25.6 5.0 0.0 16 . 0 3.9 10.5 
2 / 15 175.0 5.1 2 .3 5.5 3.5 74.5 14.9 27 . 0 
2 / 19 4.1 19.7 14 . 74 10.6 11.3 7.1 3 . 6 12.5 
3 / 12 
3 / 26 44.1 1.5 nil 31.1 nil 50 .6 6.6 17 . 0 ~ 
(11 
Table l3a, (Continued) 
::samp.1_1ng 
date Pro.L1ne yc1ne ~an1ne 
9 / 7/ 1964 506.6 119 , 4 171.9 
9 / 21 5 ,3 6 .5 7.8 
10/ 5 9 .0 12,6 6.2 
10/ 16 57 . 8 46 .3 28 . 5 
10/ 30 58 . 6 24 . 6 13 , 8 
11 / 14 12.1 25.9 19,2 
11 / 27 211 . 2 24 , 8 10.4 
12 / 11 410.4 71.0 354 , 0 
12 / 25 434,6 61,6 25.3 
1 / 8 / 1965 267 . 1 44 , 3 235.4 
1 / 22 99 , 6 10,5 24,0 
2 / 5 113 . 3 32.6 28,0 
2 / 19 14.3 5.6 3,6 
3 / 12 
-- -- --
3 / 26 113.3 19.5 7.2 
~ gm fresh we1ght of ouas 
~al1ne 11sole uc1ne 1Leuc1ne 
100 , 8 69.5 91.8 
8 . 6 25 . 7 14 . 7 
6.8 4,8 8 , 0 
17 . 0 10 , 8 26 . 2 
9 . 6 10.5 24,5 
10 , 5 13,1 43,3 
7 . 6 9.8 13 , 1 
82 . 6 56 , 4 93.1 
45 . 2 54.2 90 . 5 
29 . 5 61.7 60.3 
0 , 0 0.0 0 . 0 
25 .2 16.4 30.8 
6.8 17.4 36,7 
-- -- --
3.5 1.3 2 . 6 
yros1ne 
72 . 5 
68 , 3 
38,6 
9. 1 
19 , 0 
29 , 0 
10.9 
46 . 2 
3 5.9 
54,4 
0.0 
16 . 3 
21.7 
--
3,6 
P: e ny a anine 
213. 1 
107 . 4 
6 .3 
6 . 6 
17 .3 
19.0 
8.3 
66,1 
67.7 
62.8 
0 , 0 
27,3 
18 , 7 
--
26.4 <.0 ()') 
Table 14 . The seasonal fluctuation of amino acids in Chinese apricot flower buds 
(1964-1965) 
Sampling Alll_l"individual bud 
date Glutamic Lysine Histidine Ammonia Arginine Aspartic Threonine Serine 
9 / 7/ 1964 . 003 . 001 .000 . 009 . 000 ,001 .001 . 001 
9 / 21 . 004 . 000 . 000 . 003 . 000 . 001 . 000 .001 
10/5 . 002 . 001 .000 . 002 , 001 .001 . 001 , 001 
10/ 16 , 002 . 001 . 000 . 005 . 001 ,001 , 001 .001 
10/ 30 , 002 . 001 . 000 .008 , 000 . 003 , 002 . 003 
11 / 14 .017 . 001 .000 . 016 .001 .004 . 002 . 003 
11/27 , 006 .000 .000 . 008 . 000 , 002 . 001 . 003 
12 / 11 .005 . 000 .000 . 016 ,001 . 009 , 004 . 007 
12 / 25 , 007 .000 . 000 . 028 . 000 .005 , 003 , 006 
1/8/1965 , 034 .002 . 002 . 011 , 000 . 072 . 004 , 041 
1 / 22 
-- -- -- -- -- -- -- --
2 / 5 .017 . 000 . 000 . 018 .000 . 004 . 002 .002 
2 / 19 . 000 , 000 . 000 . 041 . 000 , 003 ,002 , 003 
3/12 .009 . 001 . 000 . 016 , 000 . 011 . 005 . 027 
3 / 26 .144 .036 . 022 . 239 , 025 . 1452 .079 . 151 
Table 14. (Continued) 
t:lampling ,llm/J.ndividual bud 
date ProlJ.ne GlycJ.ne .1uan1ne alJ.ne llsoleucJ.ne 1 LeucJ.ne (TyrosJ.ne (PrenylalanJ.ne 
9/7/1964 .000 , 002 .001 . 001 , 000 . 001 .001 .001 
9/21 . 001 .001 . 001 . 000 .000 .001 . 005 .001 
10/5 .000 .001 , 001 . 000 .000 .001 . 001 . 000 
10/16 .001 . 002 ,001 . 000 .000 ,001 . 001 . 001 
10/30 , 006 .004 .002 . 001 ,001 .002 ,001 ,001 
11/14 ,002 .005 . 004 .002 .001 .005 , 002 .002 
ll/27 ,026 . 005 .002 . 001 ,001 .001 . 001 , 001 
12 / ll .027 . 006 .020 .003 .002 .003 , 001 .001 
12/25 ,005 .005 , 004 .002 ,005 .002 .003 ,004 
1/8/1965 ,063 .038 .014 . 006 .012 .018 ,003 , 008 
1/22 
-- -- -- -- -- -- -- --
2/5 .009 .001 .001 .001 .001 .001 ,004 . 008 
2/19 ,001 ,001 .002 .001 .003 . 005 .004 ,003 
3/12 .042 ,025 , 064 .028 .012 .009 ,004 .0169 
3/26 .153 .058 .033 . 085 .045 . 060 , 022 .170 
Table 14a . The seasonal fluctuati o n of amino acids in Chinese ap r icot flowe r buds 
(1964-1965) 
;:;ampl~ng A'g gm fresh we~ght or uas 
date Glutamic Lysine Histi_cl_ine Ammonia I Arginine __1\cSparti c Thre onine ;:; e rine 
9 / 7/ 1964 98 . 6 19 . 9 9.0 34 . 5 16 . 9 25 . 6 14 . 3 22 . 0 
9 / 21 116.5 8 . 8 5.4 7.4 13 . 9 12.0 7 . 1 12 . 0 
10/ 5 31.4 11.4 3 . 1 5.0 13.9 18 , 6 11 . 6 15 . 5 
10/ 16 39.0 8.0 7.0 10 . 3 19.2 15 .3 6. 8 11 . 0 
10/ 30 20 . 6 12 . 0 3.3 11.6 5.2 33 . 0 18 . 7 22 . 5 
11 / 14 179 . 5 12 . 6 3.1 19.4 12 . 7 33 . 3 16.1 23 . 9 
11/27 71 . 7 1.6 4 . 7 10 . 7 o.o 18 . 0 8 . 6 19 . 4 
12 / 11 55.9 3.7 5 . 4 20.4 10 . 4 90 . 5 3 6 . 3 53 . 1 
12/25 87 . 3 3 . 8 3 . 1 42 . 2 6.8 55 . 8 33.2 51. 3 
1 / 8 / 1965 71 . 6 20 . 5 24.8 12.48 0.0 672 . 2 3 1.9 286 . 3 
1 / 22 
-- -- -- -- -- - - -- --
2/5 154 . 5 0 . 0 0 . 0 17.8 0.0 33 . 9 9 . 9 12 . 0 
2 / 19 2.2 0.0 0.0 30 . 1 0.0 18 . 6 11 . 6 15 . 5 
3 / 12 85.3 5.1 4.7 17 . 0 0.0 103 .8 34 . 1 176 . 2 
3/26 445.8 109.6 71.4 114.1 90 . 6 406 . 0 181.5 316 .3 
----------------------------------------~~~~--- ~· --~-------------------------
Table 14a , (Continued) 
p:samp .ung ..«g/ gm fresh we1.ght of buds 
date Proline Glycine Alanine Valine Isoleucine Leucine Tyrosine Pheny lalanine 
9 / 7/ 1964 4,6 31.9 14 . 0 12 , 7 13,4 40.3 32 . 1 21.8 
9 / 21 18,2 15 , 2 6 . 8 2 , 9 5 , 3 14 , 0 165.2 19,8 
10/ 5 6 . 3 12,2 5 . 8 5,3 4 , 6 9 , 4 34 , 4 7 . 5 
10/ 16 8 , 3 12 , 9 8 , 4 5 , 5 4 . 9 10 . 1 22 . 0 12 , 2 
10/ 30 55 , 3 23,2 13,5 8 . 7 10.4 25.2 19 , 6 16 . 9 
11 / 14 12 , 0 27.9 20,2 14 . 1 12 , 6 49 . 8 30 , 8 20 , 0 
11/ 27 215 . 7 25 , 9 11.5 12 , 0 12 . 6 13,8 11.6 11 , 2 
12 / 11 231.1 32 , 6 121 . 7 25 ,2 15.7 33,5 12 . 7 18 . 2 
12 / 25 44,1 28 . 0 27 , 9 24 . 8 57 , 7 28 , 2 50 , 7 59 . 5 
1 / 8 / 1965 486,3 184 , 3 79,3 42 , 9 106 ,3 166 , 6 41.7 94 . 2 
1 / 22 -- -- -- -- -- -- -- --
2 / 5 63 . 8 6,3 3.2 7 , 0 5.9 9.2 41.7 82 , 6 
2 / 19 6.5 4,2 5.8 5 , 3 15 , 9 31.5 36,2 24 . 8 
3 / 12 307,0 113,5 338 , 8 216 . 7 103 , 6 77.4 41.1 177 . 8 
3 / 26 353,2 84.8 56.1 209 . 7 123.3 165 , 3 83, 4 588 , 1 >--' 0 
0 
DISCUSSION 
The effect of cold , light plus warm temperature , and 
GA, especially when preceded by cold treatment insuffi-
cient to break the rest period, were observed in the 
greenhouse study on young peach and apricot trees. All of 
these treatments had an effect on breaking the rest 
period. According to Frankland and Wareing (1962) chilling 
results in an increase of endogenous gibberellin-like sub-
stances. A long photoperiod causes an increase in growth 
promoters and a short photoperiod results in a decrease in 
growth promoters (Nitsch, 1957b). GA enhances the con-
version of auxin precursors to th~ active auxin (Muir, 
1964 ; Sastry and Muir, 1965) as well as results in an 
increase in diffusible auxin (Kuraishi and Muir, 1962; and 
Sastry and Muir , 1963) and extractable auxin (Nitsch, 
1957 ; Tsukamoto and Sana , 1958 ; and Phillips et al., 1959). 
The action of GA is to promote the synthesis and activa-
tion of enzymes necessary for providing substrates for 
growth (Simpson, 1965). GA may bring about the secretion 
and synthesis of maltose and subsequent production (Naylor 
and Simpson , 1961) and utilization (Simpson and Naylor, 
1962) of simple sugars needed for growth. 
The level of free phosphate , specific activity of 3'-
nucleotidase, and protein synthesis were enhanced by GA 
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application (Simpson , 1965) while nucleic acids were at a 
minimum in dormant organs (Vegis , 1964). Also the 
mobilization of reserve nitrogen to the growing points 
(Rai and Laloraya, 1965) as well as the enzymatically 
active protein synthesis was enhanced by GA application. 
These findings of previous workers may explain the 
effects of cold , GA , and light upon breaking the rest period 
in peach and apricot trees in this study. 
None of the other treatments were capable of breaking 
the rest period. The growth that did occur on these trees 
was longer than on trees considered out of rest. The 
reason for this was probably that only a small percentage 
of the buds grew on those trees not out of rest and they 
grew faster than on the trees where many started growing. 
The results of these observations may indicate that 
once a bud starts growing, it continues to do so regard-
less of the rest influence which may inhibit growth in 
neighboring buds. In other words, the rest influence may 
be localized in the individual buds and neither red nor 
far-red light treatments are capable of breaking the rest 
period in either peach or apricot trees. 
These observations are in contrast to the findings of 
Borthwick et al. (1952 and 1954), who reported that red 
light, for a few minutes, removed the rest influence , 
causing germination of lettuce seeds while far-red light 
has an opposite effect. 
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The differential response between peach and apricot 
trees in their growth habits when exposed to light or GA 
treatment suggests that in peach trees there are factors 
which delay and inhibit growth and light treatment is less 
effect ive than GA in overcoming these factors. These 
factors may be absent in apricot trees . On the other 
hand, apricot trees respond more to light than GA. This 
indicates that light is more effective than GA in promoting 
growth in apricot trees than in peach trees. 
All of the biochemical constituents studied in Elberta 
peach and Chinese apricot flower buds showed a significant 
difference (at the one per cent level). Glucose content 
(on a gram fresh weight basis) in Chinese apricot flower 
buds, fumaric, succinic, and citric acids in Elberta peach 
flower buds (on individual bud basis) are exceptions. 
The observations of higher values of naringenin during 
rest as well as the first week after rest, then a decrease 
to minimum values just prior to bloom, may be explained on 
the basis of dilution as water and other nutrients were 
translocated into the buds as the season advanced before 
bud swe lling in the spring. This agrees with Hendershott 
and Walker (l959b) who observed minimum values prior to 
bloom. On the other hand, Dennis and Edgerton (1961) and 
Corgan (1965a) confirmed the presence of naringenin but 
failed to correlate its presence with the rest period of 
peach flower buds. This contradictory evidence concerning 
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the naringenin level during rest and dormancy are quite 
important, since Phillips (1962) demonstrated that narin-
genin exhibits competitive inhibition of the dormancy-
breaking effect of GA on dormant peach buds. He reported 
that the degree of inhibition was dependent upon the 
relative concentration of naringenin molecules to GA 
molecules. Thus, theoretically at least, it may be pos-
sible to shorten the rest period in warm areas by applying 
GA. On the other hand, application of naringenin counter 
balances the GA effect, resulting in more inhibition of 
growth and subsequent extending of rest or dormancy in 
order to avoid early spring frost of frequent occurrence 
in cold areas. 
The findings of a significant increase in sucrose, 
glucose and fructose levels just before the completion of 
rest in Elberta peach and Chinese apricot flower buds may 
indicate that such increase in simple sugars is required 
for the completion of the rest period itself. Also the 
marked increase in simple sugars just prior to bloom may 
indicate the necessity of simple sugars for growth and 
development of dormant buds. 
The low levels of glucose in Elberta peach flower 
buds when naringenin concentration was relatively high may 
be explained on the basis of formation of "prunin," a 
naringenin 7, glucoside (Corgan, 1965b). Whether the 
formation of such compound is responsible for the avail-
ability of glucose and simple sugars necessary for the 
completion of rest, or such changes are due to chilling 
and translocation is not known at the present time. 
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From the organic acid study, the observation of a 
significant increase in total acidity as well as pyruvic 
malic acids in Elberta peach flower buds may indicate 
abnormal metabolism in resting buds since pyruvic acid 
rarely accumulates in normal plant tissues. 
Whether the presence of naringenin in peach buds is 
responsible for the accumulation of pyruvic acid or such 
changes are due to the competitive inhibition between 
naringenin and GA, since Phillips (1962) demonstrated the 
existence of a competitive inhibition between naringenin 
and GA in peach buds is not known. Phillips considered 
percentage peach bud burst as an indication of the rate of 
reaction upon which he interpreted his results. Further-
more, his consideration that GA is the substrate upon 
which naringenin works in spite of the structural dif-
ferences and not establishing evidence upon the normally 
very low concentration of GA in peach buds raises further 
questions. 
Naringenin inhibition may affect enzyme systems 
resulting in the accumulation of common intermediates such 
as pyruvic and malic acids as observed from the organic 
acid study. 
In Chinese apricot flower buds, the significant in-
crease in citric and succinic acids after the completion 
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of rest and all of the organic acids , including pyruvic, 
just prior to bloom , indicates increased metabolic activity 
after the completion of rest . The resumption of growth is 
likely associated with the abnormal metabolism as noticed 
from the accumulation of pyruvic acid prior to bloom. 
The observations of low concentration of all amino 
acids studied (with the exc eption of glutamic and proline) 
during October and November in both peach and apricot 
flower buds , may indicate that during this period the buds 
were in mid or deep rest where it is difficult to break 
the rest period even by applying rest breaking chemicals 
(Samish, 1964). 
During December and January, just prior or after the 
completion of rest, the obse rvations of relatively high 
concentrations of most of the amino acids studied, may 
indicate an increased me tabolic activity during this 
period as noticed from the rapid and extensive synthesis 
of these acids, in spite of the relatively low temperature 
prevailing during this period . Naringenin as an inhib-
itor apparently had no effect upon the accumulation of 
these amino acids since the same trends were noticed in 
peach buds (in the prese nce of naringenin) and in apricot 
buds (in the absence of naringenin) . 
The presence of high values of ammonia, glutamic, and 
aspartic acids prior to the completion of rest as well as 
prior to bloom may be a result of the conversion of 
' 
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asparagine and glutamine to aspartic and glutamic acids 
respectively and subsequent release of ammonia (Sivarama-
krishna and Sarma, 1965). 
Substantial evidence should be obtained before any 
conclusive results are made about the nature of the rest 
influence and the effect or biosynthesis of naringenin 
during t he rest period of peach buds. 
SUMMARY 
In an effort to study more about the nature of the 
rest period in peach and apricot trees, several experi-
ments were conducted. Included in the study was one year 
old trees "Greenhouse study" treated in one of nine 
methods : cold treatment for two months under 45°F, light 
treatment by providing continuous illumination for 25 
days, GA at a concentration of 2000 ppm, cold treatment 
for one month followed by a 2000 ppm application of GA, 
2000 ppm application of GA followed by 25 days continuous 
illumination, cycle treatment by applying cold treatment 
for one week followed by continuous illumination for the 
next and repetition of this cycle twice thereafter, daily 
ten minutes exposures to a red light source supplied after 
dark for a period of 25 days , daily ten minute exposures to 
a far-red light source supplied after dark for a period of 
25 days, and a control treatment where trees were kept 
constantly in the greenhouse. 
To study the location of the rest influence an "organ 
culture study" was undertaken. Both flower and leaf buds 
were used, with and without bud scales, and with a supple-
ment of GA. The cultured buds were allowed to grow under 
different environmental conditions (storage at 38°F for a 
period of two months, storage at 45°F for a period of two 
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months, under a light intensity of 300 f.c . and held at 
45°F , and under a light intensity of 600 f.c. and held at 
80°F for a period of 25 days) . 
The culture and operations were conducted under 
aseptic tissue culture techniques . Three experiments 
using different nutrient media for bud growth were per-
formed . White solution was used for experiment #1 . In 
experiment #2 coconut milk was added to White solution. A 
completely different nutrient solution was used for experi-
ment #3 with five modifications. 
Fresh Elberta peach and Chinese apricot flower buds 
were collected throughout the season , temporarily stored 
under refrigeration, and analyzed for many of their princi-
ple constituents. The se analyses included naringenin, 
sugars , organic acids, and amino acids . 
In Elberta peach flower buds, a maximum concentration 
of naringenin was observed in late summer and mid-winter 
when results were expressed on a gram fresh weight and an 
individual bud basis respectively. The minimum concentra-
tion of naringenin was observed just prior to bloom. 
In Chinese apricot flower buds , on the other hand, 
there was no evidence of the presence of naringenin 
throughout the season . 
The quantity of sugars significantly increased just 
after the completion of the rest period and reached their 
maximum concentration just prior to bloom in Elberta peach 
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and Chinese apricot flowe r buds. In general, Chine s e 
apricot flower buds had a higher concentration of sugar 
than Elberta peach flower buds. Fructose was the pre-
dominant sugar in Elberta peach flower buds while glucose 
was predominant i n Chine s e apricot fl ower buds. 
The seasonal tre nd of total organic acids and amino 
acids studied were similar. In Elberta peach flower buds, 
total organic acids and amino acids studied were relatively 
high in early September. In apric ot flower buds, on the 
other hand, the total organic acids and amino acids were 
low in late summer a nd reac he d their maximum concentra-
tion prior to bloom. 
The increase in total organic acids in early Septem-
ber and after the completion of rest was mainly malic and 
pyruvic acids in peach buds. The same acids and fumaric 
and citric acids accounted for the high concentration 
observed prior t o bloom in apricot buds. 
In early Septe mbe r, glutamic acid, ammonia, serine, 
proline, alanine, and phenylalanine were at a relatively 
high concentration in Elberta peach flower buds. In 
Chinese apricot flower buds the amino acids were at a 
relatively l ow concentration during the same period with 
the exception of tyrosine. 
During October and November all amino acids studied 
were at low concentrations in both Elberta peach and 
Chinese apricot flower buds, with the exception of 
glutamic acid and proline. 
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Increased metabolic activity was observed during 
Decembe r and January , just before and after the completion 
of rest in peach and apricot buds. An increase of ammonia, 
aspartic acid, serine, proline, glycine, alanine, valine, 
isoleucine , leuci ne , tyrosine , and phenylalanine was 
observed in Elberta peach flower buds . In Chinese apricot 
flower buds glutamic acid and threonine also showed a 
relative increase while valine was at a low concentration 
during the same period . 
Late in the season, during March and just prior to 
bloom, all amino acids stud ie d were at a relatively high 
concentration in Chinese apricot flower buds , while only 
proline and ammonia increased in Elberta peach flower 
buds. 
In peach buds where naringenin was present there was 
not a marked accumulation of intermediates studied to show 
its competi tive inhibition of growth as repor ted by 
earlier workers. However, accumulation of pyruvic acid 
during rest in peach buds and in apricot buds prior to 
bloom may indicate that the rest influence is associated 
with abnormal metabolism. 
Organ culture study of whole peach and apricot buds 
was not successful in promoting growth from peach or 
apricot buds , whether flower or vegetative, with or with-
out bud scales, even after soaking buds in 2000 ppm GA, 
there was not an apparent visible bud growth . 
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The rest period was completed in peach and apricot 
trees receiving chilling, light and warm temperature, and 
GA plus light. GA alone was not as effective as cold or 
light in breaking the rest period. Peach trees which re-
ceived 720 hours of cold and 2000 ppm GA grew better than 
trees receiving only the GA treatment. The apricot trees 
did not grow better with cold and GA than they did with 
just the GA. Gibberellic acid alone was not effective in 
breaking the rest period in apricot trees. 
The rest period was not considered broken in the 
other treatments studied although some growth did occur 
on most of the trees. The growth that did occur on these 
trees was longer than on trees considered out of rest. 
The untreated control trees did not grow except in 
some cases where the terminal bud did start growing. 
Light and warm temperature treatment were more effec-
tive in breaking the rest and promoting growth in apricot 
than in peach trees. 
Total growth of peach trees was greater with trees 
treated with GA than the light and warm temperature treat -
ment. In apricot trees there was more growth on trees 
receiving light and warm temperature than on those re-
ceiving GA treatment. 
The ratio of total growth when both GA and light was 
provided compared with light alone was 853:189 in peach 
trees while it was 1145:939 in case of apricot trees. 
CONCLUSIONS 
The rest period was completed in peach and apricot 
trees receiving chilling, light and warm temperature, and 
GA + light. GA alone at a concentration of 2000 ppm was 
not as effective a s cold or light in breaking the rest 
pe riod. The r e st period was broken only in peach trees 
receiving 720 hours of cold and a 2000 ppm GA. The apricot 
trees did not grow better with cold and GA than they did 
with just the GA which was not effe ctive in breaking the 
rest period. 
In Elberta peach flower buds, the presence of narin-
genin, a coleoptile growth inhibiting substance, was con-
firmed using chemical techniques. The quantity of narin-
genin was at its maximum concentration in late summer and 
mid winter. The minimum conce ntration of naringenin was 
observed prior to bloom. 
In Chinese apricot flower buds, there was no evidence 
of the presence of naringenin throughout the season. 
Prior to or just after the completion of rest, there 
was a significant increase in sucrose, glucose, fructose, 
pyruvic acid, malic acid and most of the amino acids 
studied in Elberta peach flower buds. Similar observa-
tions were noticed in Chinese apricot flower buds with the 
exception that pyruvic, malic, fumaric and citric acids 
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showed a marked increase just prior to bloom. 
During October and November most of the biochemical 
constituents of peach and apricot buds were at a low con-
centration with the exception of naringenin which was at 
relatively high concentration during the same period. 
These findings may indicate that during rest and 
dormancy there is profound metabolic activity even under 
low temperature. The high metabolic activity as noticed 
from the rapid and extensive synthesis of most of the 
biochemical constituents prior to or just after the com-
pletion of rest in peach and apricot buds, may suggest 
that external application of growth promoters such as GA 
or growth inhibitors such as naringenin should precede 
this period of high metabolic activity which apparently 
leads to the completion of the rest period itself. It 
seems possible to shift the onset of the rest period 
either toward prolonged dormancy or early blooming as 
needed. 
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Figure 43a. The seasonal fluctuation of Naringenin and Se rine in Elberta 
peach and Chinese apricot flower buds (1964-1965). 
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Figure 44. The seasonal fluctuation of Naringenin and Proline in Elberta 
peach and Chinese apricot flower buds (1964-1965). 
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The seasonal fluctuation of Naringenin and Proline in Elberta 
peach and Chinese apricot flower buds (1964-1965). 
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Figure45 . The seasonal fluctuation of Naringenin and Glycine in Elberta 
peach and Chinese apricot flower buds (1964- 1965) . 
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Figure 45a. The seasonal fluctuation of Naringenin and Glycine in Elberta 
peach and Chinese apricot flower buds (1964-1965), 
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Figure 46 . The seasonal fluctuation of Naringenin and Alanine in Elberta 
peach and Chinese apricot flower buds (1964-1965). 
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Figure 46a. The seasonal fluctuation of Naringenin and Alanine in Elberta 
peach and Chinese apricot flower buds (1964-1965). 
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Figure 47. The seasonal fluctuation of Naringenin and Valine in Elberta 
peach and Chinese apricot flower buds (1964-1965). 
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Figure 47a. The seasonal fluctuation of Naringenin and Valine in Elberta 
peach and Chinese apricot flower buds (1964-1965) . 
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Figure 48 . The seasonal fluctuation of Naringe nin and Isoleucine in 
Elberta peach and Chinese apricot flower buds (1964-1965 ) . 
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Figure 48a. The seasonal fluctuation of Naringenin and Isoleucine in 
Elberta peach and Chinese apricot flow e r buds (1964-1965) . 
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Figure 49 . The seasonal fluctuation of Naringeni n and Leuc ine in 
Elbe rta peach and Chinese apricot f l ower buds (1964-1965). 
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Figure 50, The seasonal fluctuation of Naringenin and Tyrosine in 
Elberta peach and Chinese apricot flower buds (1964-1965). 
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Figure 50a . The seasonal fluctuation of Naringen1n and Tyrosine 1n Elberta 
peach and Chinese apricot f lower buds ( 1964- 1965). 
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Figure 51. The seasonal fluctuation of Naringenin and Phenylalanine in 
Elberta peach and Chinese apricot flower buds (1964-1965) . 
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